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FRACTIONATION PROBLEMS ? 


here’s help for you... 


HIS tireless servant in your laboratory will automatically 

collect any number (up to 200) of rigidly controlled samples 
of predetermined fluid volumes. Each collected sample may 
comprise any number of drops from one to four hundred. As 
each separate sampling is completed, the carriage automat- 
ically advances to repeat identical collections consecutively 
until the whole fractionation has been made. 

All you have to do is to set it up for the: conditions of the 
chosen experiment, short or long, and then leave it alone. 
The machine will plod along without attention hour after hour, 
all day (and night) long. When the job's done, it will shut 
itself off, 

The Technicon Fraction Collector has been thoroughly 
tested in actual laboratory installations, where it has proven 
invaluable to busy research staffs. We shall be happy to send 
you details. 


Ref. Chromatography of Amino Acids on Starch Columns— 
W. H. Stein and S. Moore, Jrnl. Biol. Chem. 176, 337,(1948) 


4 saves time and labor 


relieves laboratory staff of the fretful and time- 
consuming chore of fraction-cutting: releases workers 
for other duties. 


triples work output 


you can run it twenty-four hours a day, continuously, 
to triple fractionation output as compared with an 8 
hour laboratory day. 

4 gives greater resolution 


by collecting a large number of small fractions, 
rather than a few gross ones, you'll get more data 
from a given fractionation, e.g. a chromatogram, or 
@ fractional distillation. 


4 assures accuracy 


because the possibility of human error is automati- 
cally ruled out. Now fraction-collection becomes a 
straightforward mechanical procedure. 


automatic 
fraction 


Address... State.....---- 
collector 


TECHNICON CHROMATOGRAPHY. CORP 
215 East 149th 
New York 51, 
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Animal Ecology 


Without any question the most complete and 
authoritative book on the subject available to- 
day. It covers the science of the relationships 
between living organisms and their environ- 
ment with a thoroughness never before 
achieved. The work is directed primarily to- 
ward the presentation and documentation of 
general ecological principles. 


University of 
of Florida; Aurrep E 


fesssor of Zoology 


Comparative 
Physiology 


Without any question the most 
complete and authoritative book 
on the subject available today. It 
contains 3,800 reference items— 
ideal for advanced courses. 


Edited by C. Lapp Prosser. By Frank A. 
Brown, Jr., Professor of Biology, North: 
western University; Davip W. BisHop 
Professor of Physiology, University of 
Massachusetts; THropore L. JAHN, Pro- 
fessor of Zoology, University of California 
at Los Angeles; C. Lapp Prosser, Profes- 
sor of Zoology, "University of Illinois; and 
Verner J. Wuurr, Professor of Zoology. 
of Syracuse University. 888 pages, 312 
lustrations. $13.00. 


W. B. SAUNDERS COMPANY 
West Washington Square 


January 25, 1952 


By W. C. ALLEeE, Ph.D., Professor of Zoology, Emeritus, 
"Professor of Biolo; 
EMERSON, Ph. D., Pro 
ogy, University of Chicago; 
Northwestern 


Park, Ph.D., Peolineer of Zoology, University of Chicago ; 
and Karu P. Scumipt, Chief Curator of Zoology, Chicago 
263 illustrations. 


ree History Museum. 837 pages, 
$14.00. 


Philadelphia 5 


‘tice 
& 
NDERS 
= j 
= 
| 
| 


What GENERAL ELECTRIC People Are Saying 


J. G. HUTTON 
T. E. USHER 


General Engineering Laboratory 


Recent DEVELOPMENTS IN Mass SpECTROME- 
TRY: In the fields of chemical analysis and 
process control, recent years have seen many 
attempts to provide new and improved meth- 
ods for accurately determining the qualitative 
and quantitative composition of gaseous and/or 
liquid mixtures. Numerous physical methods 
employing the use of refractive indices, densi- 
ties, and various excitational and optical 
phenomena have been devised. Infrared and 
ultraviolet absorption and the Raman effect 
have been found useful in the examination of 
many of the simpler mixtures, and have been 
proved very satisfactory in this work. 


All of these methods suffer from rather severe 
limitations, either because of their nature or 
because of restrictive practical considerations. 


By contrast, in the present state of the art, 
the mass spectrometer can be generally ex- 
tended to all mixtures whose components are 
fully vaporized at a pressure of 20 to 40 microns 
at normal temperature. 


The clarity of the spectral data available 
from the mass spectrometer is at once evident 
upon comparison with the spectrum obtained 
from the optical methods previously men- 
tioned, Here one is measuring by electronic 
means a fundamental unit—that is, mass. One 
rather serious drawback, however, which until 
recently has seemed to place a limit on the 
scope of applications for the mass spectrometer, 
is the high initial cost of the instrument in its 
conventional commercial form. 


The recent advent of what may be referred 
to as high-frequency mass spectrometers may 
largely alter the outlook for mass spectrometer 
application. By offering the possibility of meet- 
ing the demand for a relatively low-cost instru- 
ment of limited mass range without losing any 
of the fundamental advantages of the general 
mass-spectrometric method, these new instru- 
ments may soon play an important role in 
industrial processes. 


General Electric Review 
November 1951 


M. C. LEVERETT 
Aircraft Nuclear Propulsion Project 


NucLearR Proputsion: One pound 
of uranium-235 will liberate heat, on under- 
going fission, equivalent to the energy liberated 

y burning 1,700,000 pounds of gasoline. It is 
at once evident, if a means can be found for 
converting the energy of nuclear fission into 
thrust, that aircraft can fly for véry long times 
on very small amounts of fuel. Indeed, fuel 
consumption would be measured “not in 
thousands of pounds per hour, but in pounds 
per day. 


In many respects the propulsion of aircraft 
is an ideal use for nuclear energy. Here, to a 
higher extent than in any other application, the 
advantages of a highly concentrated source of 
heat can be used to good result. Although 
the goal of producing a nuclear-powered air- 
craft is an admittedly ambitious one, it is only 
such high-performance, premium uses of energy 
which can today justify the consumption of as 
rare a resource as uranium-235 or plutonium- 
239. Moreover, it is inescapable that a develop- 
ment of this type has great military signifi 
cance. 


In recent months the government has an- 
nounced that the nuclear aircraft program is 
entering a new phase. In this new phase, the 
Aircraft Gas Turbine Department of the 
General Electric Company has been given the 
responsibility for the propulsion system, and 
the Consolidated Vultee Aircraft Corporation 
is to supply an airframe. 


My belief is that our efforts to fly an air- 
craft on nuclear power will be successful. The 
difficulty of the task and the value of the 
result combine to form a challenge which is, 
in my opinion, unmatched. 


Chicago Section, 
Institute of the Aeronautical Sciences 
October 4, 1951 


You can put your confidence in 
GENERAL @@ ELECTRIC 
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The Mitochondrial System 


N THE early 1940s the belief was fairly general that 
the individual enzyme was the only catalytic unit to 
be reckoned with. The discovery by Krebs of the citric 
acid cycle initiated studies in several laboratories 
which led to the conclusion that the full complement 
of enzymes necessary for carrying out the cycle was 
associated with particles common to all types of ani- 
mal cells. Two developments that followed in rapid 
suecession helped clarify the biological significance of 
particle-bound enzymes. In 1946 the hypothesis was 
advanced that these particles were the structural units 
of an organized, integrated complex of enzymes (the 
cyclophorase system), which implemented the citric 
acid cyele and ancillary reactions, and the operational 
principles of which appeared to be unlike those ob- 
taining for the soluble, isolated enzymes that pre- 
sumably originated from the complex. For example, 
the enzyme complex showed no requirement for added 
coenzymes, and it catalyzed processes such as oxida- 
tive phosphorylation and the complete oxidation of 
pyruvic acid and fatty acids, which then could not be 
duplicated with soluble enzymes. In 1948, the struc- 
tural unit of the complex was identified independently 
by Lehninger and Potter as the mitochondrion. 

A new unit of enzyme chemistry thus emerged—a 
mosaie of more than a hundred enzymes linked to- 
gether to form a huge macromolecule. Three develop- 
ments helped prepare the way for the successful re- 
construction of integrated activity in nonmitochondrial 
systems. In order, they were the demonstration by 
Lipmann and his group of the key role of coenzyme A 
in a variety of reactions involving transfer of acyl 
groups; the studies by Barker and Stadtman of fatty 
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Executive Editor 
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acid oxidation and synthesis in a cell-free soluble ex- 
tract of Cl. Kluyverii-studies, which have adumbrated 
many of the reaction principles that apply to the 
mitochondrial system; and, finally, the recognition of 
heart muscle as the tissue of choice for solubilizing 
the fragile enzymes of mitochondria. 

The Symposium on Phosphorus Metabolism, held at 
The Johns Hopkins University in 1951, marked the 
end of the period in which certain reaction — 
could be studied only at the mitochondrial level. As 

a result of work in four different laboratories (Cohen, 
rhe mig Racker, and Green), all the known integrated 
activities of mitochondria have now been duplicated in 
nonmitochondrial systems. These activities include syn- 
thesis of citrulline from ornithine, synthesis of citrate 
from pyruvate and oxalacetate, oxidative phosphory- 
lation, and the complete oxidation of pyruvate and 
fatty acids. There are several features characteristic 
of these reactions. They all require an energy source 
provided either by ATP or by some oxidative reaction. 
This “energizing” reaction involves the activation of 
the substrate through the intermediation of coenzyme 
A. The activated substrate (CoA-linked) is then trans- 
ferred from one enzyme to another and undergoes re- 
action without at any time being in equilibrium with 
the corresponding nonactivated molecules. Such a re- 
action sequence calls for the intimate collaboration of 
a group of enzymes and thus again, even in soluble 
extracts, the catalytic unit for the over-all reaction is 
no longer the individual enzyme but a team of en- 
zymes. As work along these lines is continued, we may 
anticipate further clarification of the significance of 
the organizational features of the mitochondrial unit. 

D. E. Green 
Institute for Enzyme Research 
University of Wisconsin 
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Multiple-point Speedo- 
max recorder at left is a 
familiar sight in scientific 
laboratories throughout 
the world. While the 6 
new instruments de- 
scribed below all appear 
to be practically identi- 
cal, each is different from 
the others. 


SPEEDOMAX X-Y 
RECORDER 


Automatically plots the relationship 
between any two variables which 
can be converted to d.c. signals. 
Both pen and chart motion are re- 
versible. Instrument records vacuum 
tube characteristics, hysteresis loops, 
stress-strain, temperature-elongation, 
differential thermal analysis curves 
. .. Applications are as broad as a 
researcher's imagination. Write for 
Folder EM9-420(2). 


Jri. Ad. ND46(5) 


SPEEDOMAX ADJUSTABLE 
RANGE - ZERO RECORDER 


Automatically plots voltage repre- 
sentingsforce, weight, temperature, 
temperature-difference, speed . . . or 
any other condition. Suppressing 
ZERO pushes non-significant mv off 
scale. Adjusting RANGE spreads 
few significant mv right across chart. 
Range continuously adjustable from 
—0.1 to +1 mv... up to —2 to 
+20 mv; zero suppression, from 
—50 to +50 mv. Folder ND46(2). 


For further informotion and application data on any Speedomax electronic 
recorders, just write our nearest office or 4907 Stenton Ave., Phila. 44, Pa. 


SPEEDOMAX 2-PEN 
RECORDER 


Automatically plots 2 curves on 1 
chart simultaneously . . . overlapping 
or side-by-side. Follows minute 
shifts in fast-changing variables with 
ease. A ‘2-in-1" recorder, it takes 
any two standard Speedomax 
ranges. Circuits work with thermo- 
couples, Thermohms, strain gages, 
tachometers, thermal converters, pH 
cells . . . or most other primary ele- 
ments. Write for Folder EM9(1). 
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PEEDOMAX 


6 precision electronic servants 
to speed plotting of test data 


S the tempo and complexity of today’s 
research and engineering activities ac- 
celerate, more and more investigators are 
stepping up efficiency through use of time- 
saving Speedomax recorders. Tireless auto- 
matic assistants, these electronic servants are 
taking over the chores of routine computation 
... eliminating tedious manual plotting of data. 
Especially timely are these 6 new Speedomax 
recorders developed specifically for laboratory 
use. While each is a specialist, it is also de- 
signed for a diversity of applications. 
Common denominators for all six are tradi- 
tional Speedomax precision and high-speed 
response. Recording pens can whip across 
the 9%” chart in as little as 1 second, if the ap- 


plication demands, though speeds of 2 and $ 
seconds full scale are also available. Balancing 
is velocity-damped to take advantage of this 
high speed. 

Alert to the most minute variation in “X,” 
the sensitive electronic balancing system is the 
perfect complement for the instrument's ac- 
curate null-balance measuring circuit. Thor- 
ough filtering, shielding and guarding screen 
out transients . . . permit use of Speedomax 
in the presence of severe stray fields. 

Net result: the investigator can follow com- 
plex, fast-changing variables with ease and 
confidence . . . knowing that the record on his 
Speedomax is faithfully following the actual 
function being measured. 


n solve your data-logging problems... 


SPEEDOMAX PHOTOMULTIPLIER 
TUBE RECORDER 


Automatically plots accurate record 


- of light intensity or other low level 


radiation. Can be direct-connected 
to photo-multiplier tubes . . . elim- 
inating separate preamplifier. Avail- 
able by switch are four ranges: 0.02, 
0.06, 0.2, and 0.6 us. Dark current 
or noise. of photo-multiplier tube is 
readily offset by built-in manual 
compensator. Write for DS-240-70- 
EM91) to (3). 


ORTHRUP 


SPEEDOMAX POWER 
LEVEL RECORDER 


Automatically plots radiation pat- 
terns of antennas and hydrophenes 

. frequency characteristics of 
filters, plifiers, loudspeakers, etc. 
Applies accurate “insertion loss” 
principle of measurement. Recorder 
con be supplied with full scale read- 
ing of 20, 30, 40, 50, or 60 db, 
referred to a base level of as little 
as 0.02 microwatt. Write for Folder 
ND46-51(1). 


SPEEDOMAX PRECISION 
THERMOMETER RECORDER 


Automatically plots temperature 
curves for calorimetry, freezing and 
boiling points . . . reads resistance of 
platinum thermometer to five sig- 
nificant figures. An “automatic 
Mueller Bridge,” it covers the entire 
range from —260 to +500 C with 
precision of +0.01 C. Automatic 
range-changing mechanism expands 
chart width 100 times. Write for 
Folder ND46-33-240(1). 


40 years of precision recording 
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SCIENTISTS 


LABORATORY 
TECHNICIANS 


INSIST UPON THE BEST 


ALCONOX 


WORLD FAMOUS DETERGENT 


No matter what you want to clean . . . blood, 
encrusted pipettes, metalware, porcelain ware, 
machine parts, instruments . . . no matter how 
dirty or greasy they may be . .. ALCONOX will 
make them sparkling clean, film-free, streakless. 


In hot or cold water, ALCONOX is equally ef- 
fective. It actually lifts off dirt, grime and grease 
faster than anything you have ever tried. 


SAVES ENERGY —SAVES TIME 


Just wash and rinse. Toweling practically un- 
necessary. Economical too—one spoonful 
makes a gallon of active cleanser ready to go 
to work on your toughest job. 


TESTED—USED 


by many leading hospitals, laboratories, food 
and industrial plants. Test it yourself on a 
tough job. 


Available in: 


Box of 3 Ib. Price $ 1.95 
Carton (12x3 Ib.) _ ea. 18.00 
Bag of 50 Ib. —_ Ib. 40 
Barrel of 300 Ib. Ib. 37 


(slightly higher on Pacific Coast) 


If your dealer cannot supply you, 
write for literature and samples. 


DEPT. S$ 1 
ALCONOX, INC. 


61-63 Cornelison Avenue, Jersey City 4, New Jersey 


A MIGHTY LIGHT 


FROM A SMALL SOURCE 


““POINTOLITE”’ LAMPS 


Laboratory workers rely on Pointolite’s 
dependable, steady light that requires 
no attention after starting. Illumina- 
tion is an intensely brilliant, remark- 
ably white, ‘point of light’’. Designed 
to fit scientific optical instruments 
for photographic and projection pur- 
poses. Lamps in various candle-power 
sizes and necessary auxiliary equipment 
are described and listed in Bulletin 42-S. 


JAMES G. BIDDLE CO. 
ELECTRICAL & SCIENTIFIC INSTRUMENTS 
1316 ARCH STREET + PHILADELPHIA 7, PENNA. 


For For MEASUREMENT if SKIN RESISTANCE | 


 Garceau RECORDING 
PSYCHOGALVANOMETER 


For the study of the 
psychogalvanic reflex 
and skin __—sresistance 
The 


instrument _is 


direct-reading and gives 
a written record of the 
i reaction of the patient. 


$775.00 


Price 


Garceau 
CLINICAL DERMOHMETER 


For clinical and experimen- 
tal investigation of disorders 
involving sympathetic reac- 


> 


tion, such as pain reflexes. 
In the psychological labora- 
tory, the instrument has a 
well-known application as a 
so-called “lie detector”. Re- 
sistance is read directly from 
a calibrated dial. Small vari- 
ations, greatly magnified, are 
shown on the meter. Battery 
operated. Price .... $115.00 


ELECTRO-MEDICAL LABORATORY, INC. 
New Address—SOUTH WOODSTOCK 2, VERMONT, U.S.A. 
Pioneer manufacturers of the electroencephalograph 
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The long awaited 
re-issue of this 
important work 
is now available 


t 


At your bookseller, $11 
CAMBRIDGE UNIVERSITY PRESS 


THE 
THEORY OF 
| ATOMIC gpECTRA | 
pty E. U. coNnDON and G. B. gHORTLEY 
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GUARANTEED REBUILT MICROSCOPES 


Model 
B-CSRM6 
Equipped with: 
paired 10x 
Oculars 
Objectives: 
16 mm. (10x) 
4 mm. (44x) 
oil immersion 
abbe condenser 
iris diaphragm 
double mirror 
mechanical 
stage 


if without 
mechanical 
stage, deduct 
$35.00 


APSC 

Write for catalogue for plete listings of 
NEW and REBUILT MICROSCOPES 


THE GRAF-APSCO CO. 
5868 Broadway Chicago 40, Ill. 
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Serotonin 


5-HY DROXYTRYPTAMINE 


Serotonin, a serum vasoconstrictor prin- 
ciple, was isolated and characterized by 
Page, Rapport and associates of the Cleve- 
land Clinic [J. Biol. Chem., 176:1243 
(1948)], and synthesis was first reported 
by Hamlin and Fischer [J. Amer. Chem. 
Soc., 73:5007 (1951)] of Abbott Labora- 
tories. Small quantities of the synthetic 
material are now available for research 
purposes. Inquiries, together with a 
statement of purpose, should be addressed 
to the Department of Pharmacology, 


Abbott Laboratories, North Chicago, III. 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 


179 EAST 87TH STREET 
NEW YORK, N. Y. 


KLETT 
ELECTROPHORESIS 
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Paper Partition 
CHROMA- 
TOGRAPHY 
Equipment 


CHROMATOCAB 


Model B300—Insulated 


BERKELEY CHROMATOGRAPHY DIV. 


University Apparatus Company 
Dept. H ® 2229 McGee Avenue ® Berkeley 3, Calif. 


NEW 
High 
precision 
polarimeter 


Schmidt & Haensch Polarimeter 


(According to LIPPICH) 


A high-precision instrument for measuring the rota- 
tion of the plane of polarization of all optically ac- 
tive substances. Used in university laboratories, in 
medicine and in chemical and food industries. 

Coarse and fine adjustment of analyzer permits 
rapid and exact measurement. Micro arrangement 
makes possible the measurement of substances 
available in only limited quantities. 

In two models—A and B. Receiving trough of A takes 
tubes up to 220 mm. in length, B up to 400 mm. 


Write for Bulletin 335 


A less precise polarimeter—the Mitscherlich is also 
available at lower cost. Described in our Bulletin 334. 


At laboratory supply dealers, or from us. 
FISH-SCHURMAN CORPORATION 
74 Portman Road, New Rochelle, N. Y. 


NEW BOOKS 


BIOLOGICAL ANTIOXIDANTS - 
Fifth (1950) and Final Conference ........ $3.75 


(INCLUDES COMPLETE INDEX OF ENTIRE SERIES OF FIVE CONFERENCES) 


BLOOD CLOTTING 


Fourth (1951) Conference ...........:ssseeeees $4.00 
METABOLIC INTERRELATIONS 

Third (1951) Conference .............+. saben . $4.00 
NERVE IMPULSE 

Second (1951) Conference $3.50 


“ORDERS AN ENTIRE SERIES OR FOR FIVE OR MORE BOOKS RECEIVE 20% DISCOUNT. 
WRITE FOR THE COMPLETE LIST OF OUR PUBLICATIONS. 


JOSIAH MACY, JR. FOUNDATION PUBLICATIONS 
. Box 575, Packanack Lake, New Jersey 
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} Cylinders & Racks 
oo Specially 
Chromatographic 
Write for 
|| 
Brochure 
\\ 


EASY DOES IT! 


with BAUSCH & LOMB 


From the moment you position your 


slide .. . to your final look at the specimen 


... you are enjoying a whole new 
experience in microscopy. You've never felt 
such smooth rolling focusing action 

as Dynoptic bail bearing motion. You've 
never known such comfort. Your hand is 
completely at rest on the table for operation 
of fine adjustment, mechanical stage, 
substage condenser controls, and 
illuminator switch .. . within 

effortless reach. You—and your 
work—will benefit from these exclusive 
comfort and convenience advantages of the 
world’s finest laboratory microscopes. 


Wile for FREE DEMONSTRATION 


and LITERATURE. See for yourself how 
Bausch & Lomb Dynoptic Microscopes 
out-perform any laboratory microscope 
ever made. Bausch & Lomb Optical Co., 
642-20 St. Paul St., Rochester 2, N. Y. 
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Partial Reinforcement and Conditioned Heart 
Rate Response in Human Subjects 


J. M. Notterman,* W. N. Schoenfeld, and P. J. Bersh? 
Department of Psychology, Columbia University, New York 


N A RECENT REVIEW of the experimental 
literature concerned with partial reinforcement, 
Jenkins and Stanley (1) state that “Most of 
the research in this area has involved responses 

of the skeletal musculature rather than behavior in- 
nervated by the autonomic nervous system.” The pres- 
ent note deals with the latter case, in particular with 
the use of a partial reinforcement schedule for con- 
ditioning changes in the human heart rate. It has been 
shown that changes in heart rate are successfully con- 
ditioned by means of a regular reinforcement schedule 
(2). In the latter study, it was reported that a previ- 
ously neutral stimulus acquires the power of exercis- 
ing a depressant effect upon the heart rate, following 
the regular pairing by the trace conditioning tech- 
nique of that stimulus with electric shock to the hand. 
Curves of conditioned response strength were obtained 
for successive trials during conditioning, extinction, 
spontaneous recovery, reconditioning, and further ex- 
tinction. 

A survey of the literature reveals that several other 
researchers, beginning with Sherrington (3), have ob- 
served conditioned changes in heart rate when some 
noxious agent was used as the unconditioned stimulus. 
Some of these investigators report conditioned cardiac 
decelerations (3, 4), others report accelerations (5-7), 
and still others report both (8, 9). Although these 
eases all involve the use of an aversive stimulus as the 
reinforcing agent, it is difficult to determine whether 
there is anything else in common among them, or, on 
the other hand, if there are any systematic operational 
differences that might account for the disparate re- 
sults. This difficulty exists principally for two rea- 
sons: (a) Some of the publications are in the form of 
abstracts and so contain few procedural details (e.g., 
intensity of noxious stimulus; temporal relations be- 
tween CS and US; use of simultaneous, trace, or delay 
techniques; number of trials, ete.). (b) None of the 
human studies available contains any readily quanti- 
fiable data bearing upon the actual acquisition, ex- 
tinction, spontaneous recovery, and reconditioning 
processes. 

Complete details of the apparatus used in the pres- 
ent experiment are available in (2). In the main, the 
apparatus consisted of a cardiograph, shock circuit, 
and tone-oscillator circuit. The shock was 30 v a-c and 
was administered by means of two electrodes strapped 


1 Postdoctoral research fellow of the National Institute of 
Mental Health, USPHS, 1950. 

2 Postdoctoral research fellow, National Research Council, 

50. 
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to the palmar and dorsal sides of the left hand. The 
subject received a 750-eps tone, approximately 20 db, 
through a headset. The tone was of one second and 
the shock of six seconds’ duration. On trials during 
which shock followed tone, a six-second interval sepa- 
rated the paired stimuli. There were six phases to the 
experiment, occurring in the following order: (1) 
determination of basal (preconditioning) heart rate 
response to the tone; (2) conditioning; (3) Extinction 
I; (4) spontaneous recovery; (5) reconditioning; and 
(6) Extinction II. The first three phases were ad- 
ministered in one session of approximately 134 hours’ 
total duration; the remaining three phases, in one 
session of about 114 hours, some 24 hours later. The 
basal, Extinction I, spontaneous recovery, and Extine- 
tion II phases consisted of 20, 11, 10, and 11 tone- 
alone presentations, respectively, and were identical 
with similar phases for the previously reported regu- 
lar reinforcement group (2). The conditioning phase 
consisted of 18 trials, of which 11 were tone-shock 
pairings, and seven were tone-alone trials. The rein- 
foreement schedule of these 18 trials was as follows: 
the first five in the series were tone-shock, the remain- 
ing 13 were randomly presented tone-shock trials (six) 
and tone-alone trials (seven). The randomization of 
reinforeed and unreinforced trials was not begun with 
the first trial, because it has been found that responses 
become conditioned more readily under partial rein- 
forcement schedules if some response strength is built 
up initially with regular reinforcement (1). The re- 
conditioning phase likewise consisted of 11 tone-shock 
and seven tone-alone trials, but randomization of rein- 
forcement was begun after a single tone-shock presen- 
tation. The number of tone-shock combinations given 
during conditioning and reconditioning in the present 
experiment was precisely the same as that given the 
subjects of the regularly reinforced group reported 
in (2). Hence, the sole difference in experimental con- 
ditions between the partial and regular groups lay 
in the presence of the seven randomized tone-alone 
trials during conditioning and during reconditioning. 

All trials were separated by one to two minutes, 
and each subject’s eardiogram was taken continuously 
from about 30 seconds before the tone to about 30 
seconds after the shock, or normal time for shock, 
on each trial. Heart rate measures were taken by de- 
termining the period of the last two cycles immedi- 
ately preceding onset of tone, and the period of the 
last two cycles in the six-second interval following 
tone (and, therefore, immediately preceding shock on 
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TABLE 1 


MEAN PRE-TONE AND MEAN Post-TONE HEART RATE (IN BEATS PER MINUTE) DURING 
SUCCESSIVE PHASES OF THE EXPERIMENT* 


Basal Conditioning Extinction ISpontaneous Recovery Recondioning Extinction II 
Subjects 
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
1 73.2 73.3 77.0 70.3 78.5 63.2 88.3 73.3 81.6 71.6 84.7 724 
2 87.1 87.3 87.9 85.2 §88 83.9 80.7 78.5 82.1 79.7 85.8 79.5 
3 67.2 67.5 67.2 65.0 70.6 68.1 61.5 60.4 61.7 58.2 63.3 60.9 
4 92.7 87.2 92.6 86.5 88.9 84.5 99.1 92.8 92.9 86.6 90.2 84.4 
5 90.2 88.4 84.4 78.7. 82.9 74.7 95.0 80.4 89.0 77.6 88.1 75.4 
6 90.4 92.2 88.7 82.1 86.0 80.4 83.1 82.1 81.3 78.4 81.7 78.2 
7 54.0 52.7 54.6 47.7 53.9 46.5 54.0 50.3 52.5 48.1 49.2 44.6 
8 74.2 71.8 70.5 66.0 68.7 65.3 69.4 64.1 67.1 65.2 67.4 64.9 
9 74.3 76.9 74.8 68.0 684 65.1 78.7 76.1 7i.l 65.6 65.1 62.0 
10 66.6 70.1 72.2 66.0 69.2 62.6 76.7 67.6 73.6 70.3 76.3 69.4 
Group mean 77.0 76.7 77.0 71.6 75.6 69.4 78.7 972.5 75.3 70.1 75.2 69.1 
Level of confidence P> .05 P< .001 P< .001 P< .001 P< .001 P< .001 


* The levels of confidence shown are for group mean pre-tone minus group mean post-tone differences within each phase. 
The basal means are for basal trials 11-20; the means for the other phases are for all trials within each phase. 


the tone-shock trials). These measures, called the “pre- 
tone” and “post-tone” heart rate, respectively, were 
then converted to beats per minute. 

The data of this experiment are concerned with two 
principal questions: Does an originally ineffective 
stimulus come to initiate a characteristic heart rate 
response as a result of irregular pairing of that 
stimulus with shock? If so, how does the response 
strength acquired under these conditions compare with 
that acquired under regular reinforcement? 

The data in Table 1 relate to the first question. 
These data are the mean pre-tone and mean post-tone 
heart rate values in beats per minute for the ten sub- 
jects used, over each phase of the experiment. The 
table shows, for example, that subject No. 1 had a 
mean pre-tone heart rate during conditioning of 77.0 
beats per minute (b/m), this figure being based on 18 
trials. The mean post-tone heart rate for the same 
individual was 70.3 b/m. The group mean pre-tone 
value for all subjects during conditioning, 77.0, was 
obtained from the individual means shown in the pre- 
tone subeolumn. In all phases except basal, the indi- 
vidual means shown are for the total number of trials 
given during each phase. For basal, the individual 
means are for the last 11 of the 20 trials given, these 
latter trials being used because they are a more stable 
estimate of preconditioning heart rate (2). 

Pitman’s variation (10) of a nonparametric test by 
Fisher was used to determine whether the distributions 
of the individual mean pre-tone minus mean post-tone 
differences for each phase are significantly different 
from chance. (Nonparametric tests were used through- 
out the treatment of these data, because in some com- 
parisons variance was heterogeneous, and distribu- 
tions did not appear to be normal.) This test shows 
that the basal changes in heart rate are not different 
from those to be expected on the basis of random 
variation, whereas for each of the other phases the 
probability that chance variation accounts for the 
heart rate changes is slight (P < .001). It is thus 
apparent that a schedule of irregular or partial rein- 
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forcement can be used to establish a characteristic 
conditioned depression in heart rate. 

Regarding the second question, several trends are 
indicated in the data: 

1) Acquisition: The difference in conditioned re- 
sponse strength produced by regular vs. irregular 
schedules of reinforcement is slight. Table 1 shows 


PRE-TONE MINUS POST-TONE 
HEART RATE in B/M 


EXTINCTION | 


SPONT RECOV 


Fic. 1. Resistance to extinction of regularly and irregu- 
larly reinforced groups. Response strength of the first five 
trials (labeled R or J) is compared with response strength of 
the last five trials (R’ or I’) for the indicated phases. 


that, for conditioning (acquisition), the magnitude of 
the acquired heart rate depression in the present in- 
stance is 5.4 b/m (group mean pre-tone minus group 
mean post-tone heart rates). This value is quite simi- 
lar to the 5.6 b/m drop reported in (2) for a regularly 
reinforced group. It may be noted parenthetically 
that, in view of reports by some previous investigators 
of conditioned cardiac acceleration under aversive 
stimulation, the present authors were interested in 
determining whether the immediate effect of the tone 
was to induce a heart rate speed-up, whereas the 
deceleration was simply a later effect. For this reason, 
heart rate measurements based on the first two cycles 
immediately following the tone were also taken during 
acquisition in the case of the regularly reinforced 
group. The data indicate a nonsignificant drop of 0.2 
b/m compared to the pre-tone heart rate. Moreover, 
the heart rate appears to drop progressively through- 
out the six-second interval separating tone and shock. 

2) Reconditioning: Here, too, the difference in con- 
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ditioned response strength produced by the two sepa- 
rate methods of reinforcement is only minor. Table 1 
indicates that the reconditioning drop for irregular 
subjects is 5.2 b/m; for the previously reported regu- 
lar group, the drop was 6.8 b/m. The difference be- 
tween these drops is not significant (P > .05 by Pit- 
man’s spread test, based on rank-ordered data [10]). 

3) Extinction: The most striking effect is found in 
terms of resistance to extinction; the irregularly rein- 
forced subjects show a significantly greater persevera- 
tion of the conditioned response than do regularly 
reinforced subjects. Fig. 1 compares the resistance to 


Table 2 gives a summary of the results of statistical 
comparisons made for the data illustrated in Fig. 1 
(Pitman’s nonparametric tests for correlated or un- 
correlated items were used throughout, as appropri- 
ate). The probability values shown here, together with 
the data of Table 1, provide the basis for the follow- 
ing conclusions: (1) Heart rate changes may be con- 
ditioned in human beings by means of a schedule of 
irregular reinforcement. The fact that this autonomic 
response can be conditioned by such a technique meets 
a research need indicated by others (1). (2) The most 
conspicuous difference between the irregularly and 


TABLE 2 


PROBABILITY VALUES FOR TESTS OF SIGNIFICANCE BASED UPoN COMPARISONS OF EXTINCTION 
EFFECTS FOLLOWING SCHEDULES OF REGULAR AND IRREGULAR REINFORCEMENT 


RvsI R’ vsI’ R vs R’ IvslI’ 
Extinction I P> .05 .05 > P > .02 02>P> 01 P> .05 
Spontaneous recovery P> .05 P> .05 P> .05 P> .05 
Extinction II P> .05 .05 > P > .02 03 > P > .02 P> .05 


extinction of the regularly and irregularly reinforced 
groups during Extinction I, spontaneous recovery, 
and Extinction II. Two pairs of columns are shown 
for each phase; the first pair (solid columns) depicts 
data of the regular group; the second pair, data of 
the irregular group. The first member of each pair of 
columns (marked R for regular, or J for irregular) 
gives the group mean pre-tone minus group mean 
post-tone heart rate for the first five trials of each 
respective phase. The second member of each pair 
(marked R’ or I’) gives the corresponding change in 
heart rate for the last five trials of each phase. By 
comparing each group’s level of conditioned heart rate 
response for the first five and the last five trials of 
each phase, differences in the perseverative tendency 
of the response may be noted. Thus, for Extinction I, 
there is a marked drop in the conditioned heart rate 
effect for the regular group, but a slight rise for the 
irregular group. In general, a diminution of condi- 
tioned response strength during the tone-alone trials 
is characteristic for the regular group; the irregular 
groups show either a slight rise, or no difference. 


regularly reinforced groups in the present research 
is in terms of the former’s much greater resistance 
to extinction. It is noteworthy that this difference is 
obtained with an autonomically mediated response, 
inasmuch as the same effect has been almost uni- 
versally observed with respect to motor responses (1). 
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News and Notes 


Scientists in the News 


M. H. Arveson, technical director of the Indoil 
Chemical Co., has been elected director-at-large of 
the American Chemical Society. Originally named a 
director last April to fill the unexpired term of Edgar 
C. Britton, of the Dow Chemical Company, Mr. 
Arveson will now serve a full, four-year term. 


Manuel Villafano Barajas, manager of the Comision 
de Fomento Minero, Mexico, is in this country to study 
and observe coal and iron mining techniques. His 
itinerary includes several mining operations, as well 


January 25, 1952 


as visits in the Denver office of the Geological Survey 
and Bureau of Mines. 


Albert F. Blakeslee, a past president of the AAAS 
and now director of the Smith College Geneties Ex- 
periment Station, has received an honorary doctor's 
degree from the Sorbonne. The degree was conferred 
at the annual meeting of the American Members of 
the Institut de France, of which Dr. Blakeslee is 
president. 


Fred M. Bullard, professor of geology at the Uni- 
versity of Texas, will be on leave from the university 
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for a year to study Italian voleanoes, including 
Vesuvius, Etna, Stromboli, and others, under a Ful- 
bright grant. 


For distinguished services to the Pineapple Re- 
search Institute and the pineapple industry of Hawaii, 
the Board of Trustees has designated Walter Carter, 
head of the Department of Entomology, as senior 
scientist of the Pineapple Research Institute. 


Earl C. Chamberlayne has been appointed to the 
staff of the Pan American Sanitary Bureau, WHO 
Regional Office. Following a month of orientation at 
PASB headquarters, he will be assigned to the zone 
office in Lima, as area supervisor in veterinary public 
health, to conduct consulting services in this field. 
His area of operations will embrace Peru, Bolivia, 
Eeuador, Venezuela, Colombia, the Guianas, and the 
Netherlands Antilles. Dr. Chamberlayne resigned his 
position as director of food control in the Manitoba 
Provincial Ministry of Health and Public Welfare, in 
Winnipeg, in order to work with the PASB. 


John M. Clark will be the first oeeupant of the new 
chair in political economy at Columbia University 
named in honor of his late father, John Bates Clark, 
who was a professor of economics at Columbia. 


Oxford University has announced the appointment 
of George W. Corner to be George Eastman visiting 
professor for the academic year 1952-53. He is diree- 
tor of the Department of Embryology of the Carnegie 
Institution, located at Johns Hopkins Medical School, 
in which he also holds the title of professor of 
embryology. The Eastman professorship, endowed 
thirty years ago by George Eastman, is attached to 
Balliol College, Oxford. 


Katharine Dodd, associate professor of pediatrics 
at the University of Cincinnati College of Medicine, 
and a member of the staff of the Children’s Hospital 
Research Foundation, has been appointed professor 
and head of the Department of Pediatrics at the 
University of Arkansas School of Medicine. Dr. Dodd 
replaces William A. Reilly, who has accepted a posi- 
tion as chief of the Radioisotope Laboratory of the 
VA Hospital in San Francisco. 


Robert C. Fuller has been appointed vice president 
in charge of production and research by Chesebrough 
Manufacturing Company. Mr. Fuller succeeds Cyril 
Y. Emery, who is retiring because of ill health. Mr. 
Fuller joined Chesebrough in 1945 as assistant to the 
vice president in charge of production and research. 


Long Island University has named William M. 
Hudson acting president and dean of the College of 
Arts and Sciences, Professor Hudson has been diree- 
tor of students at the university. Tristram Walker 
Metcalfe, president of the university, has been ill since 
May. Professor Hudson joined the university as chair- 
man of the Department of Economies and Sociology 


in 1928. 
E. Kanda, of the Cryogenic Laboratory of the Re- 
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search Institute for Iron, Steel and other Metals of 
Tohoku University, Sendai, Japan, has been a guest 
of the Cryogenics Laboratory of the National Bureau 
of Standards. Professor Kanda, who recently attended 
the Unesco Low Temperature Conference in Oxford, 
Eng., has returned to Japan. 


J. Laurence Kulp (Science, 114, 565 [1951]; 115, 
86 [1952]) was the twenty-fourth winner of the New- 
comb Cleveland Prize (formerly the AAAS Thousand 
Dollar Prize), for his paper on “Natural Radiocarbon 
Measurements.” Dr. Kulp, who is a geophysicist in 
Columbia University’s Lamont Geological Observa- 
tory, described some of the newly developed techniques 
which were used in the carbon 14 method of dating 
deep-water samples. 


F. V. Meriwether, after a 32-year career in the 
Publie Health Service, the last two years in Atlanta 
as medical director for Region VI, has retired, and 
R. A. Vonderlehr, for five years medical director in 
charge of the Communicable Disease Center, was ap- 
pointed to succeed him. Justin M. Andrews, deputy 
officer in charge of the center, succeeds Dr. Vonder- 
lehr. All three officers hold commissions as directors 
(colonels) in the Regular Corps of the Public Health 
Service. 


George E. Pfahler, of Philadelphia, received the 
gold medal of the Radiological Society of North 
America at its annual meeting, for outstanding 
achievement in radiology. Joseph C. Bell, of Louisville, 
took office as the society’s new president. The presi- 
dent-elect, who will take office in 1952, is Ira H. 
Lockwood, of Kansas City, who has been chairman 
of the board of directors for the past year. 


President Truman has accepted the resignation of 
Sumner T. Pike as a member of the Atomic Energy 
Commission. Mr. Pike has served on the AEC for 
more than five years and was the only remaining 
member of the original five-man commission. 


In the Division of Forest Pathology of the Bureau 
of Plant Industry, Soils, and Agricultural Engineer- 
ing, C. Audrey Richards, in charge of research on the 
deterioration of wood products at the Forest Products 
Laboratory of the Forest Service, is retiring after 34 
years of service. Ralph M. Lindgren, formerly in 
charge of its cooperative investigations with the 
Southern Forest Experiment Station, takes her place, 
and Arthur F. Verrall takes over the studies of wood 
deterioration in the South. Paul V. Siggers has re- 
tired after 30 years of research, mainly on diseases of 
Southern pines, and is replaced by Berch W. Henry, 
Harrison Experimental Forest, Saucier, Miss. 


Donald Stuart Russell, former assistant secretary of 
state, will become president of the University of South 
Carolina in June 1952. He will sueceed Norman M. 
Smith, who revealed his plans for retirement two 
months ago. 


Byron T. Shaw has been named administrator of 
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the Agricultural Research Administration, succeeding 
P. V. Cardon, who has retired following a career of 
42 years as researcher, teacher, and administrator. Dr. 
Cardon will become assistant director of the USDA 
Graduate School. Dr. Shaw has been deputy admin- 
istrator of ARA for nearly three and a half years, 
having been appointed to that position in August 1948. 
He had served as assistant administrator of ARA 
since early 1947. 


Guy W. Thaxton has been appointed power engi- 
neer in the AEC Division of Construction and Supply. 
Mr. Thaxton was formerly regional power supply 
coordinator of the Defense Electric Power Administra- 
tion. 


Neely Turner, entomologist at the Connecticut Agri- 
cultural Experiment Station, has been appointed 
assistant director of the station. Mr. Turner joined the 
staff in 1927 as an assistant entomologist. He became 
associate entomologist in 1943, and entomologist in 
1950. 


Robert H. Whittaker, formerly assistant professor 
of zoology, Washington State College, Pullman, has 
joined the Aquatic Biology Unit, Radiological Sci- 
ences Department, Nucleonics Division, General Elee- 
tric Company, Richland, Wash., to conduct research 
in radiological applications to synecology, dealing with 
food chains and functioning of natural communities. 


Harry M. Zimmerman, chief of the laboratory divi- 
sion of Montefiore Hospital, has been appointed 
director of Yeshiva University’s Medical School. It is 
the first appointment made to the new school, which 
is to open in the fall of 1953. Dr. Zimmerman is pro- 
fessor of pathology at the College of Physicians and 
Surgeons of Columbia University, has been a con- 
sultant in neuropathology at the Naval Hospital at 
St. Albans, and is a former president of the American 
Association of Neuropathologists. 


Education 


The American Museum of Natural History points 
out in its annual report that it has shifted its empha- 
sis from collecting dead animals and artifacts to 
studies of living plants and animals and the chemistry 
and physies of their environment. The museum has 
research under way in cancer, petroleum exploration, 
psychology, conservation, and a special project to 
study the culture of the Soviet Union at long range. 
The new Felix M. Warburg Memorial Hall, opened in 
1951, is a center for ecological research. More than two 
million people visited the museum in 1951. 


John von Neumann, mathematician, of the Institute 
for Advanced Study, became California Institute of 
Technology’s seventh visiting professor early this 
month. Jan H. Oort, astronomer, University of Leiden, 
was the sixth to join the staff. Other visiting pro- 
fessors at Caltech include David Bishop, biologist, of 
the University of Massachusetts; Noboru Yamada, 
plant physiologist, of the National Agricultural Re- 
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search Institute, Konosu, Japan; Hans G. Borei, 
biologist, of the Wenner-Gren Institute; Egbert 
Havinga, chemist, of Leiden’s Laboratory of Organic 
Chemistry; and E. G. Bowen, physicist, of Australia’s 
CSIRO. 

Chicago Natural History Museum has announced a 
program of 22 expeditions for 1952. Among them will 
be an expedition to the “Lost World” of Venezuela, 
under the direction of Julian A. Steyermark, curator 
of the herbarium; the eighteenth expedition to the 
American Southwest, under Paul 8. Martin; studies 
at Paricutin by Sharat K. Roy, geologist; an explora- 
tory trip to Austria by Rainer Zangerl, curator of 
fossil reptiles; an ornithological survey of Mexico, 
conducted by Emmet R. Blake. Bryan Patterson, 
curator of fossil mammals, has gone to Argentina on 
a Guggenheim Fellowship for a year of collecting and 
research. The Department of Zoology will also have 
outside collectors on expeditionary work: D. 8S. Rabor, 
of Silliman University, collecting birds and mammals 
in Guatemala; and Harvey A. Beatty, of New York, 
collecting birds in West Africa. Margery Carlson, 
botanist, of Northwestern, will collect for the museum 
on an expedition to southern Mexico and Honduras. 


The Council on Postgraduate Medical Education, the 
Pennsylvania Chapter of the American College of Chest 
Physicians, and the Laennec Society of Philadelphia 
will sponsor the annual postgraduate course in dis- 
eases of the chest, which will be presented at the 
Warwick Hotel, Philadelphia, Mar. 24-28. Chevalier 
L. Jackson, of Philadelphia, president of the Ameri- 
ean College of Chest Physicians, is chairman of the 
committee arranging the course. Further information 
may be obtained from the executive offices of the 
college, 112 E. Chestnut St., Chieago 11. 


A B.S. in materials engineering will be offered this 
year in the University of Michigan College of Engi- 
neering. The first-year schedule is identical with that 
for all other engineering students, with specialization 
beginning in the second year. Emphasis will be placed 
upon the corrosion resistance of, and protective coat- 
ings for, such materials as cemert, wood, plywood, 
metals, rubber, and plastics. 


The Tissue Culture Association offers its annual 
course of lectures and laboratory instruction, under 
the direction of John H. Hanks, of the Leonard Wood 
Memorial, Harvard. Designed specifically for M.D.s 
or Ph.D.s, the course will be given in the laboratories 
of the Mary Imogene Bassett Hospital, Cooperstown, 
N. Y., Aug. 6-28. Application forms, which must be 
returned by Apr. 15, may be obtained from Mary S. 
Parshley, College of Physicians and Surgeons, 630 W. 
168th St., New York 32. 

Western Reserve University will present in its 
1952 Frontiers in Chemistry lecture series “Recent 
Advances in Physical and Inorganic Chemistry” on 
March 7 and 21, April 4 and 18, and May 2, and 
“Acetylene and Petroleum Chemistry” on March 14 
and 28, April 11 and 25, and May 9. 
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Grants and Fellowships 


The American College of Chest Physicians, 112 E. 
Chestnut St., Chicago 11, is offering an annual cash 
prize for the best original contribution, preferably 
by a young investigator, on any phase of chest disease. 
The contest is open to scientists in other countries, as 
well as to U. 8S. citizens, but the manuscript must be 
presented in English, before Apr. 1. Further informa- 
tion may be obtained from the college. 


Armour Research Foundation has available fifteen 
industrial fellowships in physics, chemistry, metal- 
lurgy, ceramics, engineering mechanics, and electrical 
engineering, for the academic year beginning in Sep- 
tember. The recipients will attend Illinois Institute 
of Technology half-time and work in the Research 
Foundation half-time, besides being employed full- 
time by the foundation during the summer. Applica- 
tions received prior to Mar. 15 will be given first con- 
sideration. For information write to the Office of Ad- 
missions, Graduate School, Technology Center, Chi- 
eago 16. 


George Eastman House of Photography is the re- 
cipient of a gift of $100,000 from L. Corrin Strong, 
of Washington, D. C., as a memorial to Henry Alvah 
Strong, one of the financial backers of Mr. Eastman 
at the beginning of his career. The funds will be used 
for acquiring and preserving historical motion pic- 
tures, 90 per cent of which are on early nitrate stock. 
These perishable and inflammable films may now be 
copied on modern acetate safety stock, which will be 
stored in a building to be constructed by Eastman 
House and called the Henry A. Strong Archives. 


Herman Frasch Foundation grants totaling $300,420 
have been awarded to Caltech, Colorado A & M, 
Cornell, Ohio State, Rutgers, and the universities of 
Missouri and Wisconsin. The institutions will receive 
the grants in five yearly installments, pending ap- 
proval of the progress of their projects by the Ameri- 
ean Chemical Society, which acts as consultant in ad- 
ministering the $1,000,000 foundation established by 
Elizabeth B. Frasch in 1924 in memory of her late 
husband, who was president of Union Sulphur Com- 
pany. 

Applications for General Electric Company fellow- 
ships must be filed by Feb. 18 with the General Elec- 
tric Educational Fund, Schenectady, N. Y. The fellow- 
ships will be awarded to graduate students for work 
in physical science, engineering, and industrial man- 
agement under either the Charles A. Coffin Fellowship 
or the Gerard Swope Fellowship. General Electric has 
inereased its aid to graduate students by raising 
amounts granted per student and by grants to the 
institutions to cover tuition and other costs formerly 
paid by the students themselves. 


General Motors Corporation and the Ford Motor 
Company have made grants of $200,000 to Wayne 
University for expansion and maintenance of the 
large-scale computing machine laboratory at Wayne 
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University. The university, now the owner of a differ- 
ential analyzer and a cinema integraph, will acquire 
a digital computer, to be built at cost by Burroughs 
Adding Machine. Burroughs will also assist in the 
design. 


Applications for Public Health Service research 
fellowships to begin between July 15 and March 14, 
1953, should be filed by May 1, and for fellowships 
to begin between Nov. 15 and July 14, 1953, by Sept. 
1. Applications and supporting documents should be 
sent to Division of Research Grants and Fellowships, 
National Institutes of Health, Bethesda 14, Md. 


Annual Tau Beta Pi Fellowships for graduate study 
in engineering are intended to support an unmarried 
student, but some married applicants may be con- 
sidered. Last date for filing is Feb. 29. For additional 
information, write Paul H. Robbins, 1121 Fifteenth 
St., N.W., Washington 5, D. C. 


In the Laboratories 


Ralph Bown, director of research for Bell Tele- 
phone Laboratories since 1946 and a member of the 
Bell System for more than 30 years, has been ap- 
pointed vice president in charge of research. Much 
of his work has been in the various aspects of radio 
broadcasting and ship-to-shore and overseas telephony. 
Other changes at Bell Labs include the appointment 
of the following directors of research: J. B. Fisk, 
physical sciences; H. T. Friis, high frequency and 
electronics; W. H. Doherty, electrical communica- 
tions. R. M. Burns, director of chemical and metal- 
lurgical research, has been appointed chemical co- 
ordinator. 


Minneapolis-Honeywell Regulator Company has re- 
tained Larell B. Harmon, former director of school 
health service for the Texas State Department of 
Health, as a school consultant, and is underwriting 
an extensive research investigation into schoolroom 
heating conditions under Dr. Harmon’s direction. The 
current work is a continuation of extensive studies 
already made by Dr. Harmon into the effects of im- 
proper lighting, seating, decorating, and other ar- 
rangements in the classroom on the health, develop- 
ment, and learning ability of school children. 


Parke, Davis & Company is completing an ultra- 
modern new laboratory to house the greater part of 
the Products Development Department. Thomas C. 
Anderson has been made director of production and 
engineering and will have charge of all such opera- 
tions in this country and abroad. Dr. Anderson joined 
Parke-Davis in 1921 as a chemical engineer. Among 
others who will have new responsibilities this year 
are W. C. Richardson, who will be director of engi- 
neering and of overseas engineering and production 
liaison; Harvey M. Merker, named director of inven- 
tory control and consultant on chemical and pharma- 
ceutical manufacturing; and John E. Sweitzer, as- 
signed to handle an entirely new organization as 
director of industrial engineering. 
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Meetings and Elections 


The American Association of Spectrographers is 
planning a symposium on “Instrumental Methods of 
Analysis in the Non-Ferrous Industry,” to be held in 
Chicago in May. Contributed papers will be welcomed. 
Address all inquiries to Robert Raisig, Chairman, 
Symposium Committee, c-o Apex Smelting Company, 
2537 W. Taylor St., Chicago 12. 


The British Association for the Advancement of 
Science announces the following appointments for 
1952, which will include the annual meeting at Belfast 
(Sept. 3-10) : president, A. V. Hill; general treasurer, 
M. G. Bennett; general secretaries, Richard Southwell 
and George Taylor; presidents of sections: A (Mathe- 
maties and Physies), A. M. Tyndall; B (Chemistry), 
W. Wardlaw; C (Geology), J. E. Richey; D (Zool- 
ogy), A. D. Peacock; E (Geography), R. 0O. 
Buchanan; F (Economics), T. D. Jack; G (Engi- 
neering), Ben Lockspeiser; H (Anthropology and 
Archaeology), E. O. James; I (Physiology), R. C. 
Garry; J (Psychology), P. E. Vernon; K (Botany), 
Meirion Thomas; L (Education), A. L. Binns; M 
(Agriculture), N. C. Wright; Conference of Dele- 
gates of Corresponding Societies, J. A. S. Stendall. 
The prime minister of Northern Ireland and the lord 
mayor of Belfast will be patrons for the Belfast 
meeting, for which a local executive committee has 
been appointed under the chairmanship of Eric 
Ashby, vice-chancellor of Queen’s University. 


The Centennial of Engineering celebration to be ob- 
served in Chicago this year has appointed a 37-man 
board to direct the activities. Among the members 
are Benjamin F. Fairless, Gano Dunn, Herbert 
Hoover, Charles F. Kettering, David Sarnoff, James 
M. Todd, and Robert E. Wilson. Officers of the cen- 
tennial are Lenox R. Lohr, president; Carlton §. 
Proctor, vice president; Titus G. LeClair, treasurer; 
and Charles F. Kettering, chairman of the Executive 
Committee. Frank W. Edwards, on loan from Illinois 
Institute of Technology, is general manager. 


The sixth annual Eastern Colleges Science Confer- 
ence will be held at Pennsylvania College for Women, 
Pittsburgh, Apr. 3-5. Three hundred Eastern colleges 
will be represented by 500 undergraduates. The theme 
will be “Science in an Industrial Era.” The program 
will include tours, exhibits, lectures by specialists, and 
the presentation of undergraduate student papers and 
the exchange of student ideas. 


The Ergonomics Research Society will hold a econ- 
fererce Mar. 25-28 at the College of Aeronauties, 
Cranfield, Bletchley, Bucks, Eng. Details of the pro- 
gram, which will cover the psychological, physio- 
logical, and industrial aspects of fatigue, may be 
obtained from K. F. H. Murrell, Room 1108, Queen 
Anne’s Mansions, London, 8S. W. 1. 


Papers to be read at the third annual meeting of 
the Histochemical Society, Hotel New Yorker, New 
York, Apr. 7-8, should be submitted to the secretary, 


January 25, 1952 


R. D. Lillie, National Institutes of Health, Bethesda 
14, Md. 


A meeting of the USA National Committee of the 
International Scientific Radio Union (URSI) and the 
Institute of Radio Engineers Professional Group on 
Antennas and Propagation will be held at the National 
Bureau of Standards, Washington, D. C., Apr. 21-24. 
Sessions will be concerned with the following topics: 
Radio Measurement Methods and Standards; Tropo- 
spheric Radio Propagation; Ionospherie Radio Propa- 
gation; Terrestrial Radio Noise; Radio Astronomy; 
Antennas and Waveguides; Radio Waves and Cir- 
cuits; and Electronics. A preliminary program and 
advance registration forms will be available after Mar. 
10. Further information concerning the meetings may 
be obtained from A. H. Waynick, Secretary, U. S. A. 
National Committee of URSI, Pennsylvania State 
College. 


Miscellaneous 


President Truman has announced establishment of 
a Commission on the Health Needs of the Nation. Its 
chairman is Paul B. Magnuson, orthopedic surgeon 
and former chief medical director of the Veterans Ad- 
ministration. The commission has 15 members whose 
assignment is “to make a critical study of our total 
health requirements, both immediate and long term, 
and recommend courses of action to meet these needs.” 
The survey will embrace such broad topics as the eur- 
rent and prospective supply of professional personnel, 
public health requirements, geographical distribution 
of resources and facilities, medical research, adequacy 
of private and public programs designed to provide 
methods of financing medical care. The President’s 
action has been sharply criticized by John W. Cline, 
Gunnar Gundersen, AMA trustee who was appointed 
president of the American Medical Association, and 
to the commission, has declined to serve. 


The National Science Foundation had received 2800 
applications for its graduate fellowships by the 
closing date, Jan. 7. Alaska, Hawaii, Puerto Rico, the 
District of Columbia, and all the 48 states were repre- 
sented. About 400 fellows will be selected from this 
group, after screening and evaluation by the NRC 
fellowship panels. The foundation has appointed an 
advisory divisional Committee on Scientifie Personnel 
and Education to help develop national policies in this 
field. The members include Joel H. Hildebrand, Frank 
J. Welch, Douglas Whitaker, Katherine McBride, and 
Harry A. Winne. 


The private collection of marine barnacle speci- 
mens and data belonging to the late J. Paul Visscher, 
former professor and chairman of the Biology De- 
partment of Western Reserve University, has been 
given to the U. S. National Museum, Washington, 
D. C. Believed to be the largest and finest of its kind, 
the collection includes microscopic slides, bottled and 
dried specimens, manuscript notes, and the barnacle 
portion of Dr. Visscher’s library. Dr. Visscher died 
Feb. 11, 1950. 
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Technical Papers 


The Absence of Dietary Effects on the DNA 
Content of Liver Nuclei of the Adult Rat 


Rosa M. Campbell and H. W. Kosterlitz 


Physiology Department, 
University of Aberdeen, Scotland 


Ely and Ross (1) reported recently that in young 
growing rats fed on protein-deficient diets for periods 
of 8-49 days, the liver nuclei had a higher mean des- 
oxyribonucleic acid (DNA) content than had nuclei 
obtained from livers of control animals fed on the 
stock diet. 

In the adult rat, dietary variations do not seem to 
have similar effects. Campbell and Kosterlitz (2-4) 
found in a large number of rats that feeding of a 
protein-free diet for periods of up to 3 weeks and 
variations in the fat and choline contents of the diet 
had no influence on the DNA content of the liver. The 
only factors that appeared to determine the value of 
liver DNA were body weight and sex. Mandel, Jacob, 
and Mandel (5) showed that, when adult rats were 
fed on a protein-free diet for 50-75 days, no DNA 
was lost from the liver and the number of nuclei re- 
mained unchanged. In order to give further support 
to these findings, we have now determined the mean 
DNA contents of liver nuclei isolated by the method 
of Vendrely and Vendrely (6). Five male littermate 
pairs of rats with a mean initial body weight of 325 
g were used, one member of each pair being fed on 
the stock diet and the other on a protein-free but 
otherwise adequate diet for 28 days. The mean DNA 
content was 10.8 x 10-® ug/nucleus in the rats fed on 
the stock diet and 11.0 x 10-® ug/nucleus in the rats 
fed on the protein-free diet. The standard error of 
the difference between the DNA values of the two 
groups was + 0.48 x 10-°. 

The significance of these results is further under- 
lined by the findings of Davidson and McIndoe (7) 
and of Mirsky and Kurnick (8). These authors found 
no change in the mean DNA content of rat liver nuclei 
after fasting, which in the experiments of Mirsky and 
Kurnick was continued until the livers had lost as 
much as half their original weight. 

It would appear, then, that in the adult rat even 
such severe dietary conditions as prolonged fasting 
and prolonged consumption of protein-free diets have 
no significant influence on the mean DNA content of 
liver nuclei. The DNA content of the liver of the adult 
rat is thus a suitable standard of reference for those 
liver constituents which vary with altered dietary con- 
ditions. On the other hand, the findings of Ely and 
Ross (1) indicate that this is not the case in young 
growing rats, at least not if they are exposed to severe 
dietary deficiencies for long periods. Under these con- 
ditions, the normal growth of the liver is seriously 
interfered with, and changes in the DNA content of 
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liver nuclei are therefore more likely to oceur than 
in adult animals. 
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A New Class of Organic Fungicides 


A. R. Kittleson 


Esso Laboratories, Standard Oil Development Company, 
Linden, New Jersey 


A series of new compounds has been synthesized by 
the reaction of perchloromethyl mereaptan with the 
alkali metal salts of imides and amides. The purified 
products obtained from these reactions are, in nearly 
all cases, colorless, crystalline, odorless compounds 
and are readily obtained in yields ranging from 80 
to 95%. In a cooperative testing program with Rut- 
gers University, the compounds were found to possess 
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exceptional fungicidal activity. One of them, N- 
trichloromethylthio-tetrahydrophthalimide, which has 
undergone extensive fungicide field tests at numerous 
agricultural experimental stations in the United 
States, Canada, England, Denmark, France, and 
Latin America under the code identification “SR-406,” 
is proving to be an especially promising agricultural 
fungicide. The results of these field tests will be re- 
ported elsewhere. 


have been reacted with perchloromethyl mercaptan in 
the present work. 

The > NSCCIl, group, to which the fungicidal ac- 
tivity of the above classes of compounds is attributed, 
is thus readily introduced into compounds containing 
an > NH group sufficiently acidie to form a stable 
alkali metal salt. A general procedure applicable to 
the preparation of this class of compounds is de- 
scribed below. 


TABLE 1 
N-TRICHLOROMETHYLTHIO DERIVATIVES OF COMPOUNDS CONTAINING THE > NH Group 


Empirical MP°C Analysis (% ) 

Phthalimide C,H,NOSCI, 176-177 Found 4.72 10.64 35.76 
Cale 4.71 10.81 35.96 

A4-Tetrahydrophthalimide C,H,NO,SCl, 172-173 Found 4.79 10.59 35.00 
Cale 4.67 10.67 35.50 

Endomethylene-A4-tetrahydroph- C,H,NO.SCI, 152-153 Found 4.36 10.40 33.67 
thalimide Cale 4.49 10.25 34.13 
Succinimide C;H,NO,SCl, 140-141 Found — 13.00 41.69 
Cale — 12.90 42.94 

5,5-Dimethyl-2,4-oxazolidinedione C,.H,NO,SCl, 88- 89 Found 5.16 11.46 38.32 
Cale 5.02 11.49 38.13 

5-Methy1-5-ethyl-2,4-oxazolidine- C;H,NO,SCl, 83— 84 Found 11.20 36.29 
dione Cale — 10.95 36.35 
5,5-Pentamethylene-2,4-oxazoli- C,H,.NO,SCl, 111-112 Found 10.24 33.31 
dinedione Cale -- 10.38 33.38 
5-Methyl-5-isobutyl-2,4-oxazoli- C,H,,.NO,SCl, 89- 90 Found 10.04 32.99 
dinedione Cale = 10.00 33.18 
5-Cyelopropy!-5-methyl-2,4- C,H,NO,SCl, 108-109 Found 4.59 10.45 34.77 
oxazolidinedione Cale 4.79 10.79 36.49 
O-Benzosulfimide C.H,NO,S,Cl, 143-144 Found 19.22 31.85 
Cale = 19.27 32.08 

N-Phenyl-benzenesulfonamide C,,H,NOS,Cl, 112-113 Found — 18.02 27.59 
Cale — 16.74 27.88 

5,5-Dimethyl-hydantoin C,H;N,O,SCl, 169-171 Found 10.16 11.49 38.42 
Cale 10.11 11.55 38.45 

1-Nitro-5,5-dimethyl-hydantoin C,H,N,O,SCl, 125-126 Found 12.35 9.85 32.74 
Cale 13.04 9.94 33.08 

1-Acety]-5,5-dimethyl-hydantoin C,H,N,O,SCl, 97 Found 8.75 10.02 32.70 
Cale 8.78 10.03 33.40 

5-Methy1-5-isobutyl-hydantoin C,H,,N,0,SCl, 133-134 Found 8.61 9.72 33.00 
Cale 8.77 10.03 33.38 

Morpholine C;H,NOSCI, 86— 87 Found 13.46 44.39 


Cale — 13.55 44.97 


The reactions of perchloromethyl mereaptan with 
aliphatic and aromatic amines (1-4), aleoholates, and 
phenolates (3,5) have been described previously by 
several investigators. In most cases the products from 
the reactions were reported to be unstable compounds 
which decomposed spontaneously on standing or by 
heating to 130°-140° C. In contrast, the derivatives of 
perchloromethyl mereaptan prepared in the present 
investigations have been quite stable under ordinary 
conditions. The condensation of perchloromethyl 
mereaptan with imides and amides to form stable 
compounds containing the N-trichloromethylthio group 
is a general reaction. The four schematic equations 
(Fig. 1) typify methods by which representatives of 
different classes of imides and related compounds 
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One mole of the sodium salt of an imide or amide 
is dispersed in 1000 ml of benzene in a 2-liter, 3- 
necked flask equipped with a stirrer, thermometer, 
reflux condenser, and dropping funnel. While stirring, 
one mole of perchloromethy! mercaptan is added from 
the dropping funnel over a period of 2-3 hr. During 
the addition of merecaptan the reaction mixture is 
heated slowly from an initial 25° C to refluxing tem- 
perature and stirred for an additional 4-6 hr. The 
benzene solution is filtered hot to remove precipitated 
NaCl. Isolation of the N-trichloromethylthio deriva- 
tive is then accomplished by evaporating off a portion 
of the benzene filtrate, cooling, and filtering. 

It has also been possible to prepare a closely re- 
lated product, N-trichloromethylthio-morpholine by 
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the direct reaction of perchloromethyl mercaptan with 
morpholine. An excess of morpholine is employed in 
this synthesis to tie up the HCl formed in the reaction. 
N-trichloromethylthio-morpholine is a white crystal- 
line material melting at 86°-87° C. 

Sixteen compounds which were condensed with 
perchloromethyl mereaptan are listed in Table 1, 
along with the empirical formulas and melting points 
of the new organic compounds produced by the re- 
sultant reactions. Biological assays have shown that 
all the compounds exhibited an LD,. value of less 
than 10 ppm against the fungi Alternaria solani and 
Sclerotinia fructicola by the slide germination tech- 
nique 
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+The laboratory fungicide tests were carried out in the 
Standard Oil Development Company's cooperative project at 
Rutgers University under the supervision of R. H. Daines 
and Lyle E. Hagmann. 


Pre-Cambrian Uraninite, 
Sunshine Mine, Idaho 


Paul F. Kerr and J. Laurence Kulp 
Department of Geology, Columbia University, New York 


Uranium ore was first discovered in the Sunshine 
Mine, Coeur d’Alene district, Kellogg, Idaho, in the 
summer of 1949. Uraninite was subsequently identified 
as the responsible mineral and occurs in the vicinity 
of the Sunshine vein at various places from the 2900’ 
level to the lowest level at 3700’. 

The mineral is found in veins somewhat comparable 
to the nonpegmatitie occurrences of the northwestern 
Canadian Shield. These veins are cut in a number of 
places by later siderite veins carrying silver-bearing 
tetrahedrite. The wall rock belongs to the St. Regis 
formation (pre-Cambrian quartzite). 

Through the geological studies of Ransome and 
Calkins (1), Shenon and McConnel (2), and others, 
the general relationships of the silver veins are well 
known. The opinion has prevailed (3) that the min- 
eral deposits of the Coeur d’Alene are associated with 
Mesozoic or later igneous activity. Recent reference to 
the uranium occurrence (4) places the uraninite after 
tetrahedrite, the common silver ore mineral. 

Specimens of uranium ores supplied by R. H. Rob- 
inson, chief geologist of the Sunshine Mine, studied in 
the Mineralogical Laboratory of Columbia University, 
indicate an origin for the uraninite earlier than the 
tetrahedrite. Laboratory criteria are inadequate to 
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demonstrate, however, whether the uranium was intro- 
duced merely at the beginning of the silver-precipi- 
tating epoch or during a distinctly earlier mineraliza- 
tion. Arrangements were made, therefore, to secure 
data for an age determination. 

Through the cooperation of the Division of Raw 
Materials, AEC, both chemical analyses and lead iso- 
tope analyses have been secured. The material selected 
for analysis was collected on the west face of No. 16 
stope in the footwall of the Sunshine vein, west of the 
Jewell crosseut and above the 3100’ level. Uraninite 
occurs in small veins and segments of veins associ- 
ated with an alteration halo of fine-grained pyrite 
and red jasper. Small fragments were broken from 
vein specimens and examined microscopically for 
purity. Uraninite was identified by x-ray diffraction, 
the lattice constant being 5.4439. A chemical analysis 
of Sunshine uraninite with uraninite analyses from 
two other localities by Clara Gale Goldbeck, chief, 
Microchemical Branch, New Brunswick Laboratory, 
AEC, is given in Table 1. Isotope analyses by Roger 
Hibbs, chief, Mass Assay Laboratory, Carbide and 
Carbon Chemicals Company, Oak Ridge, are also 
included. 

On the basis of the analyses, computations have been 
made by Kulp as given in Table 2 using 4.50 x 10° yr 
for the half-life of U?** and 7.07 x 108 yr for the half- 
life of U?%5, Although the half-life of U2*5 has been a 
subject of debate during the past few years, the value 
of 7.07x10® accepted at present is essentially that 
proposed by Nier a decade ago. 


b 
An uncorrected age from (oo of 1050 +50 
M.Y. is obtained from the graph published by Wick- 


TABLE 1 
CHEMICAL ANALYSES 
Sunshine Martin Lake Caribou 

U,0, 26.9 67.5 40.77 
Th and R.E 1.7 (No Th) 
18.2 0.42 
PbO 4.0 7.96 4.15 
Al,0, 44 
Fe,0, 0.94 

e 13.1 3.15 
CaO 8 12,7 
MnO 0.85 
Mn 1.0 
CuO 0.55 
Cu 7.7 
Ag 1.0 
Sb 2.6 
H,O 1.1 0.62 5.3 
co, 6.8 4.68 0.22 
Ss 9. 0.01 8.3 
V.O; 0.3 
NiO 0.34 
ZnO 1,22 

Lead Isotopes 

208 17.84 +0.07 0.460 + 0.013 50.67 + 0.05 
207 12.42 +0.05 7.32 +0.02 20.69 + 0.03 
206 69.20 +0.03 92.17 +0.01 27.27 + 0.05 
204 0.540 + 0.010 0,044 + 0.001 1.37 + 0.02 
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TABLE 2 
AGE CALCULATION 


Sunshine Mine specimen 


206 207 208 
Isotopes present 0.540 + 01 69,.20+ .03 12.42 + 0.05 17.84 + 0.07 
Assume for common lead 1,000 16.00 + 1.0 15.35 + 0.2 35.4 +1.0 
*, Original common lead 0.540 8.65 + 0.50 8.29 + 0.30 19.1 +1.0 
Radiogenie lead 60.55 + 0.50 4.13404 Nil 


gPb**/100g = 2.26 + 0.02; gPb®"/100g = 0.154 + .002 
Pb®*/Pb™ = 6.8% + 0.2, t= 850+ 50 million years 


Pb™/U™, t= 1.501 x10" log (1+ 


Pb*"/U™, t= 2.37 x 10° log (1 + 


man (5). The Pb?°* /U?** age of 710 +10 M.Y. results 
from the equations derived by Keevil (6). On the 
same basis the Pb?°7/U** age is 750+10 M.Y. The 
graphical solution given by Nier (7) was used for 
Pb?°? /Pb?°* and gives 850 +50 M.Y. If the radon loss 
is assumed to be the major source of divergence in 
the age ratios, and the Pb?°*/U** age is adjusted to 
equal the Pb?°7 /U2*5 age, it turns out ‘hat the Pb?°* / 
Pb?°* age also becomes 750 + 50 M.Y. The unweathered 
condition of the material, the particle size, and the 
distribution of the uraninite make the assumption of 
radon loss as the main source of error quite reasonable. 

The computed age of 750 M.Y. indicates that the 
Sunshine uraninite is much older than Mesozoic—i.e., 
is late pre-Cambrian. Since the fractures in which the 
Sunshine vein oceurs cut the north limb of the Big 
Creek anticline (2) in which the Beltian sediments are 
folded, it is logical to assume that the original de- 


208 
1.15 Pb™) _ 710410 


207 
=750+10 M.Y. 


The computations on uraninite from these two 
localities are given in Tables 3 and 4. 

The age of 890 M.Y. for Martin Lake is in reason- 
able agreement with other values on record for the 
general pre-Cambrian area. The Caribou data, how- 
ever, strongly suggest that the uraninite is Tertiary. 

In view of the variance of the Sunshine age deter- 
mination from previous geological interpretations, ad- 
ditional study is being undertaken both to verify the 
current report and to further clarify the geological 
interpretation. 


TABLE 4 
AGE CALCULATION 


Caribou specimen 


204 206 207 208 


formation must have been even earlier pre-Cambrian. Observed a + .02 ye +0,05 20.69+ 0,03 50.67 + 0.05 
18.00+1. 15.5 +0.2 38.0 +1.0 
In order to confirm the determination on the basis 137 246 +13 212 +02 520 315 
of geological occurrence, data are included on urani- — 37 314 Nil Nil 
nite from two other localities with considerably dif- 
ferent age relationships. One locality is the Caribou gPb™ = 0.105 
Mine, near Nederland, Colo. (presumably Tertiary) ; Pb™/U™ >23+10M.Y. 
the other, Martin Lake, near Beaverlodge, north of (The large amount of common lead invalidates the 
Lake Athabasea, Canada (presumably pre-Cambrian). 
TABLE 3 
AGE CALCULATION* 
Martin Lake specimen 
Lead isotopes 204 206 207 208 
Observed 0.044 + 001 92.17 + 0.01 7.32 + 0,02 0.460 + 0.013 
Assumed common Pb 1.000 16.00 + 1.0 15.35 + 0.01 354 +1.0 
Original common Pb 0.044 0.70 + 0.04 0.68 + 0.004 1.56 + .04 
91.47+ .05 6.64 + 0.02 ~ (1.109) 


—— 870 M.Y. 


U+Th 
gPb™ = 6.82 + 0.06; gPb*" = 0.495 
Pb*"/Pb™ = 7.25% —— 900 + 10 MLY. 
Pb*™*/U™ t = 860 + 5 M.Y. 


Uncorrected age 


Pb*"/U™ =980+5 M.Y. 


* If 890 is assumed as the true age and correction made for radon loss, as discussed above, then 206/288 becomes 890 


M.Y., and the 207/206 ratio again is brought into agreement, 
is close to the true age simply because of the low concentration 
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becoming 890+10 M.Y. The “uncorrected age” in this case 
of common lead. 
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The Natural Resistance of the Golden 
Hamster to Colchicine 


Margaret Ward Orsini* and Ben Pansky 


Department of Anatomy, 
University of Wisconsin, Madison 


In the course of an investigation of the origin of 
tertiary giant cells in the pregnant uterus of the ham- 
ster, Cricetus auratus, it was decided to use colchicine 
to study proliferative growth. Doses varying from .1 
mg up to 2 mg/100 g of body weight were injected, 
and the animals were killed 6-21 hr thereafter. No 
significant variation from the normal number of 
mitoses was observed, and the presence of anaphase 
and telophase stages with normal spindles in normal 
ratio suggested that these doses were ineffective. A 
review of the literature indicated that the effective 
dose in other rodents, mice, rats, and guinea pigs, and 
in rabbits, is usually just below the lethal level. In an 
attempt to establish the effective dose, and to test the 
potency of the colchicine used, a series of hamsters, 
mice, rats, and one rabbit were injected intraperitone- 
ally from the same solution of colchicine, injections 
varying in concentration from 0.12 to 7.0 mg/100 ¢ 
of body weight. Young mature males were used for 
this entire series. Time of injection, concentration, and 
subsequent history were recorded, the animals being 
checked in the morning, during the day, and in the 
evening. The results are recorded in Table 1. 

Both rats and mice, and also the rabbit killed in this 
study by the lethal effects of colchicine displayed the 
classical symptoms of colchicine poisoning: diarrhea, 
bloody stools, lethargy, and progressive paralysis ap- 
pearing first at the caudal end and extending cephalad. 
Several of the rats displayed bloody nasal hemor- 
rhages. 

The hamsters showed no effects whatever. All ani- 
mals that were tested proved fertile. No attempt was 
made to check against the possibility of a certain post- 
treatment period of infertility, but some animals were 
tested and proved fertile as early as 5 days and others 
as late as 37 days after treatment, and hence there is 
no reason to believe that any infertile period occurs. 


1 Postdoctoral fellow of the National Cancer Institute, 
National Institutes of Health, USPHS. 
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Moreover, there was a normal increase in weight of 
15-15 g/animal from the time of injection to the 
termination of the experiment, 4-8 weeks later. 
Another series of 6 male animals (2 rats, 2 ham- 
sters, and 2 white mice) was fed a mixture of one 
third Colchicum autumnale seed,? containing not less 
than 4.5 mg colchicine/g of seed, mixed with two 
thirds pulverized Purina laboratory chow blocks, in 


TABLE 1 


APPROXIMATE LENGTH OF SURVIVAL FOLLOWING VARYING 
Doses OF COLCHICINE 


Dosage 


(mg) Mouse Rabbit Rat Hamster 
12 Lives Lives 
25 2 days, 14 hr - 
50 5 days 24 hr 

1.5 24 hr sia 

2 24 44.5 

3 10°** 

4 10 

5-10 


order to determine if the seed, too, affects rats and 
mice and not hamsters. Five g of this was fed daily to 
each rat, 3 g daily to each hamster, and 2 g daily to 
each mouse. From the third day the amount of food 
for each animal was doubled in order to ensure an ade- 
quate nutritive supply. The animals were kept in in- 
dividual cages with water dishes; one of each pair 
had shavings for bedding; the other cage was left 
bare. The food was placed on a paper on the floor of 
the cage. 

Both mice died on the 7th day of the experiment. 
One had dropped in weight from 24 to 20 g; the 
mouse with no bedding dropped from 24 to 15.6 g. 

The rat in the bare cage had dropped from 112 ¢ 
to 69.2 g¢ by the 6th day, when it died. The other rat 
had dropped in weight from 99 to 68.3 g by the 9th 
day, when it was sacrificed. Diarrhea could of course 
account for part of the weight loss, but the second 
rat seemed to be starving voluntarily. Large amounts 
of uneaten food were present in both the rat cages. 

The two hamsters gained 1.5 g and .6 g during the 
same period. 

A control mouse, fed identical gram amounts of 
pure chow alone, rose in weight from 25.5 to 25.7 g at 
the end of 9 days. 

The injection series definitely indieates that the 
hamster possesses a natural resistance to the usual 
toxie effects of colchicine, a resistance which far ex- 
ceeds that of other laboratory animals. Poe and 
Johnson (1) report the lethal dose of colchicine in the 
rat to be 1 mg/kg body weight injected intraperitone- 
ally, with death in 51 hr. Sollmann and Hanzlik (2) 
give 1 mg/kg body weight injected intramuscularly 
as the lethal dose for the dog and eat. The lethal dose 
in man is said to be variable, but is about 8 mg/kg 
body weight (3,4). 


2 Supplied through the courtesy of S. B. Penick & Co. 
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Perhaps no definite conclusions are justified by the 
colchicine feeding experiment, in view of the small 
number of animals used. It may well be that death in 
half the cases was from starvation rather than toxicity 
of the drug. However, the starvation must have been 
voluntary, since large amounts of food material were 
left untouched in the cage, and the duration of the 
experiment was not sufficient to suggest death from 
malnutrition. 

The resistance to colchicine displayed by the ham- 
ster strongly resembles the natural resistance of the 
rabbit to aconite. In this respect, it is of interest to 
note that colchicine, which is usually extracted from 
the meadow saffron, C. autumnale, has also been iso- 
lated from other species of Colchicum. Although C. 
autumnale is distributed throughout Europe, the cen- 
ter of distribution for the genus (with 30 species) is 
in Asia Minor (5). This suggests that resistance in the 
hamster may have developed from close association 
with the plant in the natural habitat, Colchicum prob- 
ably being used by the hamster as food. How high 
this resistance may extend, and what mechanism is in- 
volved, would be interesting to determine. 
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The Turnover Time of Phosphorus 
in Normal, Sickle Cell Trait, and 
Sickle Cell Anemia Blood in Vitro 
as Measured with P* 


Herman Branson and L. Otto Banks 


Department of Physics and Pediatrics, 
Howard University, Washington, D. C. 


The close relation between oxidation and phos- 
phorylation in the living cell would lead one to expect 
that a disease which affects one would have some affect 
upon the other. Thus in sickle cell anemia, sickle cell 
trait, or sicklemia (henceforth called trait), and nor- 
mal blood, a study of rate of uptake of phosphate by 
the red blood cell under various conditions should give 
insight into the mechanism of phosphorus transfer 
and its disturbance in this serious blood dyscrasia. 

In order to obtain comparable data with some sta- 
tistical reliability, we secured blood samples from 10 

1Aided by Atomic Energy Commission, Project No. 
AT (30-1) -892. 

2We wish to acknowledge with thanks the participation of 


Juliette M. Simmons, Louis Swaby, and Hugh Anderson in 
this work. 
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normal, 9 trait, and 7 sickle cell anemia patients. The 
sickle cell patients were known eases which had been 
treated on the Pediatrie Service of Freedmen’s Hos- 
pital for typical crises of the disease. Four slides were 
made of each patient in the study, using the methods 
of Singer and Robin (1) and Daland and Castle (2). 
All the anemia and trait patients showed sickling. 
None of the anemia patients had received blood trans- 
fusions in the three months preceding this study. The 
trait cases were siblings or parents of known sickle 
cell anemia patients. The normal eases were asympto- 
matic and, of course, showed no sickling. The age dis- 
tribution of the subjects is given in Table 1. 


TABLE 1 


Sickle cell 


Normal Trait anemia 
Lowest 9 years 4 years 2 years 
Highest — = 


Approximately 23 ml of blood was taken from each 
patient. On 3 ml a complete hemogram was done. Ex- 
actly 20 ml was mixed with 0.8 ml of the ammonium 
potassium oxalate solution (2 g potassium oxalate and 
3 g ammonium oxalate in 100 ml solution), following 
the method of Taylor et al. (3). This solution caused 
no swelling of the erythrocytes. The blood samples 
were incubated in stoppered brown bottles with 13.7 
ml air above the sample. To each sample of a group, 
0.5 ml of isotonie NaCl containing a tracer amount of 
P*? as PO, in weak HCl was added (e.g., 0.54 me in 
0.5 ml solution to each sample of normal blood). The 
activities were checked against the Tracerlab simu- 
lated P*? source. 

The blood samples were incubated for 4 hr at 
38° +0.1° C. There was no sickling in the blood sam- 
ples during incubation. After incubation, total, acid- 
soluble, and inorganic phosphorus were determined, 
following the method of Fiske and Subbarow (4), 
on the whole blood, the plasma, and red blood cells. 
The radioactivity was determined on an aliquot of 
each sample, evaporated to dryness and counted with 
a mica end window Geiger-Miiller tube, thickness 3 
mg/em?, feeding into a Nuclear Instrument and 
Chemical Corporation Model 172 sealer. 

Blood samples were centrifuged for 15 min at 
3000 rpm to separate the plasma from the red blood 
cells. The plasma was drawn off as completely as 
possible. The cells were resuspended in isotonic saline, 
centrifuged, and the supernatant saline was drawn 
off and discarded. This washing was repeated. The 
red cells were then frozen at -20° C to produce 
hemolysis and to prevent hydrolysis of the organic 
phosphorus compounds. For analysis the frozen cells 
were thawed and diluted with distilled water. 

The results are expressed in specific activities de- 
fined as the counts/see/mg of phosphorus corrected 
for radioactive decay (Table 2). 

In this preliminary report we shall consider only 
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TABLE 2 
Plasma Red blood cells 
Total phosphorus ———— — $$ 
mg/ml SA* mg/m! SA 
Z Normal (av of 10) 0.165 3.41 0.60 1.65 
7 Trait (av of 9) 0.270 2.05 0.74 0.88 
a Sickle cell (av of 7) 0.160 1.60 0.93 0.39 


* SA=specific activity as counts/sec/mg of P corrected 
for radioactive decay. 


the total phosphorus. Qualitatively, the behavior of 
all other fractions was similar to that of the total 
phosphorus. 

In this experiment, the important consideration is 
the rapidity with which equilibration of P*? is being 
reached between the plasma and the red blood cell 
(rbe). A measure of this equilibration is the ratio or 
the specific activity of the red blood cell to that of 
the plasma. Gourley and Gemmill (5) have shown 
that the uptake of P*? as phosphate by the red blood 
cells, at least during the initial period, follows a first 
order reaction. If we assume that the first order is 
an acceptable approximation over the 4-hr period, we 


have 
SA of rbe 


SA of plasma 
Using the numerical values, we have @ in hours? in 
Table 3. 

Having the values of the «a’s, we may calculate the 
turnover times in the following manner. The factor 
e-*t is the metabolizing function (6) for phosphorus 
in the red blood cell. Since the exchange of phosphorus 
(as phosphate) may be looked upon as an instance of 
dynamic equilibrium, we have for the amount of the 
normal phosphorus M(Q), in the red blood cell (7), 

M(O) =M(O)e* + f.¢ 

The rate of entry, R(t), determined from this equa- 
tion is M(O)«, where M(O) is the constant amount of 
phosphorus in mg/ml of red blood cells. With the 
numerical values from Table 2 for M(O), we have 
the rates given in the third column of Table 3. 

The turnover time is defined as that interval during 
which the amount entering the cell equals the amount 
present, or (7) 

M(O) = f,7 48, 
where t would be the turnover time. From this equa- 


tion, t= 2 The turnover times are given in Table 3. 


TABLE 3 
CHARACTERISTICS OF THE BLOOD SAMPLES 


Rate of 
SA of rbe a(in uptake in > mei 
SA of plasma hr“) mg/ml of 
rbe/hr P (hr) 
Normal 0.48 0.160 0.096 6.3 
Trait 0.43 0.140 0.103 | 
Sickle 0.24 0.065 0.060 15.3 
90 


The turnover time of P in the sickle cell anemia red 
blood cell is, therefore, approximately 2% times 
greater than that in the normal red blood cell under 
these experimental conditions. This large difference 
indicates that, whatever the basic malfunctioning sys- 
tem in sickle cell anemia (8), it reveals itself also as 
a marked reduction in the rate of turnover of total 
phosphorus in the red blood cell in vitro, in the pres- 
ence of ammonium potassium oxalate. The turnover 
times for all phosphorus fractions so far examined 
have this relation: t normal < t trait < t sickle cell. 

These differences in turnover times cannot be attrib- 
uted at present exclusively to differences in perme- 
ability of the red blood cel! membrane or to reactions 
within the cell. They seem not to depend upon a differ- 
ence in the surface/volume ratio, since the erythro- 
cytes in the three groups did not differ significantly in 
size. Experiments are in progress which, it is hoped, 
will elucidate the specifie mechanism of the phos- 
phorus exchange which is altered in the trait and 
sickle cell cases. 
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Control of Covered Smut of Wheat by 
Rapid Seed Treatment with an Antibiotic? 


A. W. Henry, R. L. Millar, and E. A. Peterson 


Department of Plant Science, 
University of Alberta, Edmonton 


In a previous paper (1), it was reported that cov- 
ered smut of oats and covered smut of wheat, or bunt, 
were controlled in the field by seed treatment with 
the antibiotic actidione. The method of treatment used 
was not considered a practical one as it involved a 
prolonged soaking of the seed for 4 hr. Moreover, in 
the case of wheat, the results in bunt control were not 
too convincing, because of a low percentage of in- 
fected plants in the checks. They also were not very 
promising because of rather serious phytotoxicity ex- 
pressed in seed injury. It was thought that the treat- 
ment might be modified in certain ways and in con- 
sequence made more practical. To this end, preliminary 
greenhouse experiments were made in the spring of 
1951 with rapid treatments using actidione? in dust 

1 Financial assistance from the National Research Council 
of Canada is gratefully acknowledged. 


*Kindly supplied by the Upjohn Company of Kalamazoo, 
Mich., through the courtesy of J. H. Ford. 
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and liquid form. The main results are briefly reported 
here. 

The seed used in the experiments was a sample of 
spring wheat naturally contaminated with spores of 
Tilletia spp., which cause covered smut of wheat. It 
was further artificially contaminated by the addition 
of 0.5 g of similar spores to each 100 g of seed. Por- 
tions of the infested seed were treated with different 
amounts of actidione dusts consisting of mixtures of a 
finely powdered clay and the antibiotic in one type 
of treatment, and with actidione diluted with a 0.02% 
aerosol and water mixture in another. Three types of 
checks were included: one untreated, one to which 
the clay dust only was applied, and one which was 
immersed for 1 min in a 0.02% aerosol and water 
mixture. The seed was treated one day and sown the 
next. Four replicates (100 seeds/replicate) of each 
treatment and each check were sown in randomized 
rows in a bed of black soil in the greenhouse. The most 
important results are presented in Table 1. 


TABLE 1 


Errect oF Rapip SEED TREATMENTS WITH ACTIDIONE ON 
THE EMERGENCE OF SPRING WHEAT AND ON ITS 
INFECTION BY SEED-BORNE COVERED SMUT FUNGI 


Treatment sé & 
55 Seo 
“45 <5 <2 
Actidione 5% dust Ywoz/bu 85.0 0.0 
1.0% ce % cc 84.5 6 
10% ‘* 0 
10 ppm 
liquid 1 min 840 0.0 
Clay diluent (ck) Dust 1 oz 91.3 6.1 
Aerosol-water (ck) Liquid 1 min 913 83 
None (ck) 90.7 22.9 
LSD 7.9 


| 
| 
| 


The above results of greenhouse experiments show 
that rapid seed treatment of wheat with actidione in 
both dust and liquid form gave complete or almost 
complete control of covered smut of wheat. Emergence 
appeared to be reduced slightly, but the reduction was 
significant from the emergence of the checks only 
with the highest dosage of the antibiotic in dust form. 
The entire effect in smut control cannot be attributed 
to the antibiotic, since it is evident from the check 
results that the diluents had considerable influence 
themselves in reducing the severity of the smut infec- 
tion. This, however, may be considered an advantage 
of the treatments, especially in view of the fact that 
the diluents had no injurious effects on the seed. It 
will be noted that control of covered smut of wheat 
was obtained with actidione in highly diluted form 
and that. the procedures followed in applying it were 
similar to those at present used in the treatment of 
wheat and other grains with standard fungicides. 
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Moreover, field data which will soon be available tend 
to confirm in large measure the results of the green- 
house experiments given here. These will be reported 
in another paper. 


Reference 
1. Henry, A. W., et al. Science, 113, 390 (1951). 
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An Improved Method for Measuring 
Coagulation Time 


David I. Macht and Thomas Hoffmaster 


Pharmacological Research Laboratory, 
Sinai Hospital, Baltimore, Maryland 


Numerous methods for measuring the clotting time 
of blood have been proposed. The most satisfactory 
technique for the purpose, however, is the so-called 
Lee and White method (1). This consists in withdraw- 
ing blood from a vein, or in smaller animals directly 
from the heart, introducing 1 or 2 ml of the blood 
into flat-bottomed glass shells or homeopathic vials, 
and measuring the time it takes for the blood to clot 
as indicated by tilting the tubes every minute until 
the blood no longer flows. 

We have recently devised an improvement in the 
Lee and White technique which we find very useful 
for careful research investigations. This consists in the 
employment of an instrument that enables the in- 
vestigator to measure accurately the exact angle at 
which the surface film of the whole blood in the 
homeopathic vial is broken and begins to flow. The 
apparatus, which is made of plexiglass, consists of a 
vertical quadrant fixed on a plastic base (Fig. 1). 
At the center of the quadrant there is attached a 
radial pointer which earries at its base a small plat- 
form on which the vial containing the blood is placed. 
The quadrant is subdivided into degrees and half- 
degrees from 0 when the pointer is in a vertical posi- 
tion to 90° when it is in a horizontal position. 

Blood is obtained from rabbits by direct cardio- 
puncture and immediately transferred to flat-bottomed 
vials 15 mm in diam and 45 mm in height. As soon 
as 1 or 2 ml of the blood is introduced into the 
perfectly clean vial the experimenter notes the posi- 
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90- 


80- 


(23456766 


Fic, 2. Experiment on rabbit weighing 2.5 kg. Horizontal 
line indicates time in min; vertical line indicates angles at 
which blood surface film is broken. A, Normal clotting time, 
10 min; B, 2 hr after parenteral injection of 2 mg diacetyl- 
morphine ; clotting time, 6 min. Note dip in normal curve 
after 6 min. 


tion of the pointer in degrees of the quadrant every 
minute until the blood is completely clotted. That 
end point occurs when the radial pointer is in a 
horizontal position—in other words, at 90°. 

It was found when using this instrument that the 
clotting process does not always proceed in a progres- 
sive manner. There are points whcn the film does 
not break so quickly, followed by a less resistant 
surface film. This is quite characteristic of normal 
blood. Furthermore, we found that the curve repre- 
senting coagulation angles in relation to clotting times 
will vary with the thromboplastic or anticoagulating 
agents employed (Figs. 2, 3). This may eventually 
prove to be useful in analyzing the clotting mechanism 
after various drugs. For example, this instrument is 


90: 
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20° 


i2345 67 8 9 1011 12 13 

Fic, 3. Experiment on rabbit weighing 3.4 kg. Horizontal 
line indicates time in min; vertical line indicates angles at 
which blood surface film is broken. A, Normal clotting time, 
13 min; B, 2 hr after injection of aureomycin ; clotting time, 
9.5 min. Note dips in normal curve after 6 and 11 min, and 
1 dip in other curve after 7 min. 


92 


useful in following the effects of heparin when used 
to determine the imbalance of coagulating and anti- 
coagulating factors in the blood (2); also the throm- 
boplastic properties of penicillin (3,4), mercurial 
diuretics (5), amphetamin (6), and other drugs. 

The advantages of the above-described apparatus 
are obvious. We eliminate the personal equation in- 
volved in picking up the vial and tilting it at no 
precise angle, as well as shaking the specimen, all of 
which manipulations may produce appreciable varia- 
tions in readings. In other words, this method enables 
the investigator to measure the clotting time more 
exactly and, at the same time, by plotting the relation 
curve between clotting time and clotting angle, it is 
helpful in analyzing the mechanism of the clotting 
process. 
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The Action of Ultraviolet Light on the 
Pentose Moiety of Nucleic Acids 
and Related Compounds? 


Eugene W. Rice 


George Washington University Cancer Clinic, 
Washington, D. C.? 


In the present work, the fate of the pentose moiety 
of nucleotides upon exposure to ultraviolet radiations 
was investigated. The fact that free carbohydrates 
undergo complex changes when subjected to ultra- 
violet light was verified in preliminary studies, in 
which 2x10-* M solutions of glucose and ribose, 
buffered with phosphate at pH 7.4, were placed in 
l-em rectangular quartz cells and exposed to radia- 
tions from an unscreened quartz lamp at a distance 
of 5 em from the center of the lamp. Within 60 min 
both sugars were rendered incapable of reducing the 
alkaline copper salt reagent of Benedict (7) and of 
giving a positive Molisch test. In addition, the irradi- 
ated ribose solution did not react to the p-bromoani- 
line acetate test (2), which depends upon the forma- 
tion of furfural from free pentoses. 

In similar experiments with dilute solutions (30 
ug/ml) of adenylie acid, eytidylic acid, and yeast 
nucleic acid, the compounds lost the ability to form 
furfural within an exposure period of less than 90 
min. Both unexposed and irradiated solutions were 
assayed for furfural-yielding capacity by a modified 
Reeves and Munro technique (3). Moreover, irradiated 


1 Aided, in part, by an Institutional Grant, American Can- 
cer Society, Inc. 

2 Present address : Department of Biological Chemistry and 
— Creighton University School of Medicine, Omaha, 

eb. 


Science, Vol. 115 


8 A 
i 
= 
70: / 
60 
50- 
40. 
30: 
20° 
/ 
/ 
4 
= H 
= 


», G. 


iety 
ions 
ates 
itra- 
, in 
ose, 
1 in 
dia- 
ance 
min 
the 
1 of 
adi- 
ani- 
ma- 


(30 
east 
orm 
90 
vere 
ified 
ated 
Can- 


TABLE 1 


CHANGES IN FREE AND COMBINED CARBOHYDRATE 
SOLUTIONS (pH 7.4) DURING EXPOSURE 
TO ULTRAVIOLET RADIATIONS 


Compounds 
Change showing change 

1. Loss of reducing 

properties Glucose, ribose 
2. Loss of ability to give 

a Molisch test 
3. Loss of ability to give a 

p-bromoaniline acetate 

test Ribose 
4. Loss of furfural-yielding Ribose, adenylic acid, 


capacity 


eytidylic acid, yeast 


nucleic acid 
5. Loss of ability to give 


a Stumpf test Sodium thymonucleate 


solutions of sodium thymonucleate failed to react to 
the Stumpf test (4) for desoxypentosyl purines. 

The foregoing data, summarized in Table 1, demon- 
strate that both free and nucleotide-bound carbohy- 
drates are readily destroyed by ultraviolet light. 
These results supplement, therefore, previously known 
viscometrie and ultraviolet spectrophotometric find- 
ings (5-7), indicating that the compounds undergo an 
extensive over-all photodecomposition. 

Finally, a limited study was made of the protection 
of various compounds on free and on nucleotide- 
ribose. As gauged by furfural production (3), the 
pentose breakdown was appreciably inhibited in the 
presence of 1% solutions of thiourea, sodium thio- 
glycolate, acetic acid, sodium acetate, or oxalic acid. 
The most effective inhibitor was composed of 1% 
thiourea dissolved in 1% acetic acid. Solutions of 
ribose, adenylic acid, or cytidylic acid in this medium 
showed essentially no decrease in furfural-yielding 
capacity, even after 4 hr exposure to ultraviolet radi- 
tions. In contrast, 1% trichloroacetic acid or perchlo- 
rie acid offered essentially no protection. 

No attempt was made in the present study to find 
optimum conditions, since results will vary quantita- 
tively with differences in the dilutions and dosages, 
the composition and size and shape of containers used, 
the wavelength of radiation, ete. 

Although there is to date no crucial proof that 
nucleotide destruction is involved in the damaging 
effects of ionizing radiations upon living protoplasm, 
the possibility exists that some such phenomena as 
described here are factors in the questions of radia- 
tion lethality and of the mechanisms of some agents 
in reducing radiation mortality. 
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Plastics in Trace Element Research 


Iris Dozer and Marjorie Dole 
Battelle Memorial Institute, Columbus, Obio 


Water culture methods of growing plants were 
known as early as 1860, when J. Sachs (1) and W. 
Knop (2) independently grew plants in nutrient solu- 
tions containing the “essential” elements, N, 8, P, K, 
Ca, Mg, and Fe. It was not until approximately two 
decades ago, however, that studies of culture solutions 
indicated the important role played by trace elements 
in the physiological functions of plants. 

Trace element studies invariably pose a problem 
because of contamination. Purification methods have 
advanced to the point where contamination from the 
nutrient solution itself is secondary to that introduced 
from other sources, including the containers. In gen- 
eral, workers using nutrient solution methods advocate 
the use of Pyrex glass for containers in experiments 
other than with boron. However, expense and chance 
of breakage are limiting factors. 

As plastics are relatively cheap and have several 
obvious advantages over glass, it was decided to test 
some of them for possible contamination caused by 
Cu, Mn, Zn, or Fe. Several small plastic refrigerator 
jars, 4” x 4”x 3”, plastic cookie jars, 6” x6” x7”, 
and a large plastic tote box reinforced with glass 
threads, 24” x 28” x 6”, were cleaned thoroughly in a 
sulfuric-dichromate solution, after which they were 
rinsed first with water, then with 2% HCl, and finally 
with water, double-distilled through Pyrex. They were 
then filled with a known quantity of a slightly acid, 
Pyrex double-distilled water, covered, and set aside 
in the laboratory for 2 weeks. At the end of this pe- 
riod the water was transferred to clean Pyrex flasks 
and evaporated almost to dryness. After the samples 
were diluted to a known volume, an aliquot was taken 
and analyzed for Cu, Zn, Mn, and Fe. These analyses 
were run in triplicate. In no case was there any con- 
tamination from the containers. Tests were not made 
for boron or molybdenum, but the composition of the 
plastic should make the containers suitable for re- 
search on these elements also. 

The small refrigerator jars were subsequently used 
for studies of the effect of copper on the susceptibility 
of the Scotia bean to tobacco mosaic virus. A small 
hole was made in the lid by means of a hot metal 
bore. The plants were germinated in Petri dishes and 
at an early stage were threaded through the hole in 
the lid so that the roots were immersed in the nutrient 
solution and the leaves extended above the dish. The 
stem was supported by cotton at the point where it 
passed through the lid. As the stem enlarged, the cot- 
ton was removed. The same technique was used with 
the cookie jars in copper-deficiency experiments. The 
tote box, however, does not have a lid and presents 
a different problem. Support of the plants was pro- 
vided by stretching a plastic gauze over the top of 
the box. The plants were threaded through the gauze, 
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which is flexible enough to allow for growth of the 
stems. Plastic tubing may be used to set up a drainage 
system for the tote box. In order to simulate soil 
conditions and provide better support for the root 
system of the plant, plastic beads or debris may be 
used in the bottom of the box. 

The expanding plasties industry has placed an infi- 
nite number of containers, dispensers, tubing, and 
analytical equipment on the market. These items can 
easily be adapted for trace element studies. Plastics, 
indeed, can provide an answer to the ever-present 
question of expense and practicality. 
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Microradiography of Microfossils with 
X-Ray Diffraction Equipment’ 


Ruth A. M. Schmidt 
U. S. Geological Survey, Washington, D. C. 


Several articles have appeared recently presenting 
different techniques of microradiography and showing 
their value in the study of thin sections, primarily of 
biological and medical material (1, 2). This method 
is valuable in the study of whole specimens as well as 
thin sections, as will be shown by the results with 
paleontological material (3). 

Caleareous, siliceous, and pyritic microfossils of 
varying size and thickness were radiographed with 
x-ray diffraction equipment. The internal arrangement 
of foraminiferal chambers and of muscle-scar patterns 
of Ostracoda, and the presence or absenge of pores in 
shells of both groups were detected where preservation 
was favorable—sometimes when no other method had 
been successful. Furthermore, no harm was done to 
the specimens. 

The type of x-ray diffraction apparatus used is 
available in crystallographic laboratories and minera- 
logical departments of many institutions. This appa- 
ratus usually has 4 windows through which x-rays are 
transmitted into special cameras. The removal of one 
of these cameras makes it possible to utilize the x-rays 
for microradiography without any modification of the 
apparatus itself. The radiation is directed approxi- 
mately horizontally in the equipment used (North 
American Philips), so that it is necessary to mount 
specimens and photographie plate verticallv. A simple 
stand ean be used, placing the glass photographic 
plate in a holder, with the specimen supported in 
front of it. Precautions must be taken to guard the 
operator from exposure to x-rays. 

Diffraction apparatus has interchangeable tubes 
with targets of any one of several metals, permitting 
essentially monochromatic radiation of any one of 


1 Publication authorized by the Director, U. 8. Geological 
Survey. 


94 


BLACK PAPER 
HOLDER 


j 


LIGHT- TIGHT BOX 


‘SPECIMEN 
MOUNT 
PHOTOGRAPHIC 


| 


Fic. 1. Diagrammatic sketch of holder. 


several wavelengths between 0.6 and 2.3 A. The radia- 
tion in all cases is long wavelength, or soft, which is 
favorable for detecting the thin delicate structures 
that would not be seen if short or hard rays were used. 
No filter was used in this work. 

For microfossil specimens averaging about 0.5 mm 
or less in thickness, the factors, with a copper target 
tube, were 25-35 kv (rarely 45 kv), 15-20 ma, and 
5-20 min. Time and voltage are the variables, the 
values depending on the size and chemical composi-, 
tion of the material. Distance from the target to the 
film is approximately 7 in., which gives a large enough 
beam of x-rays to cover the specimens. 

To support the specimens and photographic plate, 
a diffraction camera was adapted by fitting a holder 
for the plate and specimen in the camera, opposite an 
opening transparent to x-rays (Fig. 1). Any light- 
tight box with such an opening may be used. The 
opening is placed directly against the x-ray window. 
This setup permits close contact between specimen and 
emulsion, thus lessening blurring (4). It is also easy 
to center the setup rapidly for each exposure. 

The microfossils are mounted with gum tragacanth 
on cleared x-ray film, both of which are transparent 
to x-rays. The cleared film provides a firm support 
for the specimens, which ean easily be placed in any 
position for microradiography. Eastman 548-0 spec- 
troscopic plates (an extremely fine-grained emulsion) 


Fic. 3. Microradiograph of same Foraminifera, showing 
arrangement of chambers. Approx. x 36. 
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were used. These glass photographic places are cut to 
fit the holder, and the mounted specimen and plate are 
placed in the holder in the darkroom. The photo- 
graphic plates were developed in D-11, D-19, or 
DK-50. For the maximum enlargement desired (less 
than 100 times) all these developers were satisfactory. 

Although stereoscopic microradiographs have not 
been made by the author, they could easily be taken, 
particularly if the setup permits mounting the speci- 
mens horizontally rather than vertically (5). 

Figs. 2 and 3 are, respectively, a photograph and a 
microradiograph of a group of Foraminifera. The in- 
ternal arrangement of chambers is plainly visible in 
the microradiograph. 
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The Use of an Ion Exchange Resin for the 
Hydrolysis of Casein and Coffee Proteins 


G. E. Underwood and F. E. Deatherage* 


Department of Agricultural Biochemistry, Institute of 
Nutrition and Food Technology, The Obio State University, 
Columbus 


A study of the noneaffeine nitrogenous constituents 
of coffee has led to an investigation of the amino 
acids present in coffee proteins. The method used 
initially was the classical hydrochloric acid hydrolysis 
followed by chromatographic separation of the amino 
acids on a column of 200-400 mesh Dowex-50,? pat- 
terned after the technique of Moore and Stein (1). 
Since there was the customary humin formation dur- 
ing hydrolysis, other methods were sought. 

It has been observed (2,3) that insoluble cation 
exchange resins in the hydrogen form act as catalysts 
for certain hydrolytic reactions, such as ester hydroly- 
sis and sucrose inversion. Dowex-50, a sulfonated 
styrene resin, behaves as an insoluble strong acid in 
aqueous solutions, and it was believed that it might 
furnish sufficient hydrogen ions to accomplish the 
hydrolysis of proteins. The fact that the resin re- 
moves most of the amino acids from the solution as 
they are formed would also be expected to favor the 
hydrolysis. Casein was selected for exploratory ex- 
periments. Accordingly, 3 g casein, 15 g 200-400 mesh 
Dowex-50, and 300 ml water were mixed thoroughly 
and refluxed. The solution gave a negative biuret re- 
action after about 70 hr. Boiling was continued for an 
additional 24 hr to insure completion of the reaction. 
At the end of the hydrolysis, most of the amino acids 

1The authors are grateful for assistance in this investi- 
gation by a grant-in-aid made by the Nestlé Company through 
the Ohio State University Development Fund. 


2 Obtained from the Dow Chemical Company, Midland, 
Mich. 
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TABLE 1 


ANALYSES OF COFFEE PROTEIN HYDROLYSATES PREPARED 
Ustne Hyprocuvoric Acip AND Ion EXCHANGE RESIN 


Milligrams of nitrogen 


HCl Resin 
hydrolysate hydrolysate 
Alanine 2.86 2.74 
Aspartic acid 5.12 4.93 
Glutamic acid 8.74 1.97 
Leucine 5.58 5.44 
Phenylalanine 2.06 2.07 
Serine 1.56 1.46 
Threonine 0.95 0.94 
Valine 2.57 2.39 
Basic amino acids and 
humin 15.39 14.70 
Ammonia 4.89 4.50 
Total recovered 54.25 45.52 


Total in hydrolysate 61.60 61.60 


were on the resin. By using barium hydroxide, all the 
amino acids were stripped from the resin. This barium 
hydroxide extract was then treated with sulfuric acid 
to remove the barium and to give essentially a solution 
of amino acids. The amino acids also may be fraction- 
ally removed by use of HCl or various buffers. The 
same procedure was found satisfactory for the hy- 
drolysis of proteins from a sample of green Santos 
coffee. 

The protein fraction of the coffee was prepared 
by water extraction of the ground green coffee. HCl 
was added to precipitate the protein. The precipitate 
was washed with water, then alcohol and ether, and 
finally dried. The HCl hydrolysate of this protein was 
prepared by refluxing 400 mg protein with 8 ml 6 NV 
HCl on an oil bath at 135° C for 12 hr. After 
hydrolysis, the excess HCl was removed by distillation 
in vacuo. 

The Dowex-50 hydrolysate was prepared from 400 
mg of the protein by the method indicated above, 
using 40 ml water and 2 g of the resin. The amino 
acids were removed from the resin by the use of 
barium hydroxide. This hydrolysate was nearly clear 
in contrast to the dark, humin-containing solution ob- 
tained by carrying out the hydrolysis with HCl. It 
has been suggested (1) that the amount of humin 
produced in an acid hydrolysate of a protein can be 
held to a minimum by use of a large excess of acid. 
To be certain that the low humin formation in the 
resin hydrolysate was not due to the excess of liquid 
phase present, another portion of the protein was 
hydrolyzed for 12 hr with 200 times its weight of 6 N 
HCl. This procedure did appear to decrease humin 
formation somewhat, but the hydrolysate still beeame 
very dark and some insoluble humin was produced. 

Both the HCl and resin hydrolysates were chro- 
matographed on Dowex-50, using a column 110 x1.5 
em. The amino acids were fractionally eluted from the 
column, using acetate buffers. The buffers were put 
through the column by the use of nitrogen gas under 
a pressure of 200 mm Hg. The individual fractions 
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were analyzed by measuring the intensity of the blue 
color produced upon heating with ninhydrin solution 
(4). Ammonia nitrogen was determined by the classi- 
eal aeration procedure. The use of barium hydroxide 
for removing the amino acids from the resin would 
probably cause large losses of any ammonia present; 
therefore, the ammonia nitrogen of the resin hydroly- 
sate was determined by aerating a hydrolysate in 
which the amino acids were removed from the resin 
by use of hydrochloric acid rather than barium 
hydroxide. Basie amino acids plus humin were deter- 
mined by phosphotungstie acid precipitation followed 
by Kjeldahl determination for nitrogen. 

The analyses of the two hydrolysates are shown 
in Table 1. 

By using the method of Graham et al. (5), the 
tryptophan content of the coffee protein was found 
to be 1.7%, thus accounting for an additional 0.93 
mg of nitrogen in Table 1. Tryptophan is destroyed by 
acid hydrolysis or by refluxing with distilled water; 
hence it was not found in either hydrolysate. No 
hydroxy proline was found using the method of New- 
man and Logan (6). Using paper chromatography 
techniques, only a trace of tyrosine was detected, and 
arginine, histidine, and lysine were shown to be pres- 
ent. 

It may be observed from Table 1 that ammonia 
nitrogen is slightly higher for the HCl hydrolysate, 
indicating perhaps more degradation or deamination 
in this procedure. Furthermore, a notably low gluta- 
mie acid value was obtained in the resin hydrolysate, 
and some of the others tend to be slightly low when 
compared with the HCl hydrolysate. It is probable 
that the glutamic acid in the resin hydrolysate formed 
pyrrolidone carboxylic acid (7). This acid might tend 
to form salts with the other amino acids and thus 
interfere with the chromatographic separation. That 


the low value of glutamic acid in the resin hydrolysate 
was due to pyrrolidone carboxylic acid formation is 
borne out by the fact that upon treatment with HCl, 
glutamic acid appeared in the resin hydrolysates in 
an amount comparable to that found in the original 
HCl hydrolysate. 

Using commercially available vitamin-free casein, 
resin hydrolysates have been prepared by the above 
method. On evaporation, a crystalline, almost white 
product is obtained. This material readily dissolves in 
water and will serve as the sole source of nutrients 
for many microorganisms at 0.5% level. The resin 
hydrolysis of casein may be hastened by the use of a 
small amount of HCl. For example, 6 g casein, 30 g 
Dowex-50, and 600 ml 0.05 N HCl, or 60 g casein, 
300 g Dowex-50, and 1700 ml 0.1 N HCl, show no 
biuret reaction after 48 hr. 

The method of hydrolyzing proteins by the use of 
ion exchange resins shows considerable promise as a 
technique in the study of proteins. Recent studies 
using casein have shown that there may be some sim- 
ple peptides present in the resin hydrolysates; how- 
ever, indications are that the method gives nearly com- 
plete hydrolysis of the proteins studied. Work is con- 
tinuing on the characterization of other proteins and 
the optimum conditions for carrying out hydrolyses 
using Dowex-50 and other resins. 


References 


1, STEIN, W. I1., and Moore, 8. Cold Spring Harbor Symposia 
Quant. Biol., 14, 179 (1950). 

Sussman, S. Ind. Eng. Chem., 38, 1228 (1946). 

. THOMAS, G. G., and Davies, C. W. Nature, 159, 372 
(1947). 

Moone, S., and STEIN, W. H. J. Biol. Chem., 176, 367 
(1948). 

5. Granam, C. E., et al. Ibid., 168, 711 (1947). 

6. NEWMAN, R. E., and LOGAN, M. A. Tbid., 184, 299 (1950). 
7. WILson, H., and CANNAN, R. K, Ibid., 119, 309 (1937). 


Manuscript received August 29, 1951. 


ww 


Comments and Communications 


Teacher Training 


In THE United States as a whole far too little at- 
tention is given to training teachers of science. This 
is true of the teachers in the grades who must conduct 
science study periods, of “general science” teachers in 
junior high schools, and of teachers of physical and 
biological science in high schools. 

This communication is not a plea for more national 
committees to prepare more excellent reports, which 
will be studied by too few of the right people and 
which will probably be acted on by almost no one; 
rather, it is a plea for the scientists in each college 
and university to act now. Fortunately, there are ap- 
propriate actions that can be taken and that will not 
entail great expense. 

Relatively few of our colleges and universities have 
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adequate teacher-training programs that provide suit- 
able courses in science. The usual beginning course in 
a natural science is almost certain to be aimed at the 
production of more specialists in that science. To get 
a broad training in science, the prospective teacher 
would have to complete at least 30-50 semester hours 
of such first-year college courses. In addition, the 
teacher of senior high-school science should specialize 
in the particular science he or she plans to teach. 
To expect such extensive training of our public 
school teachers is entirely unrealistic. The relatively 
low salary scales have attracted an entirely inadequate 
supply of students into teacher-training programs. 
The immediate problem that needs our attention is 
how to provide training in science for students who 
are now preparing to become grade and high-school 
teachers. This problem may be broken down into two 


Science, Vol. 115 


» 
ro 


uit- 
in 
the 
get 
‘her 
the 
lize 


blie 
vely 
ms. 
1 is 
who 
1001 
two 


115 


different questions: How can we provide broad science 
training for the prospective grade school teacher? 
and How can we provide training for the prospective 
high-school teacher who may teach both “general sci- 
ence” and a specialized senior high-school science? 
The standard first-year college courses in the funda- 
mental sciences have not been sufficiently successful in 
providing the requisite training. 

In meeting their responsibilities to society univer- 
sity scientists have three continuing duties: (1) As 
students they must continue to increase their knowl- 
edge of science; (2) as research workers they must 
advance science and make practical applications of 
it; and (3) as teachers they must transmit science to 
the next generation and train future teachers of sci- 
ence. The first duty need not be discussed here. Un- 
fortunately, all too often the second is given so much 
emphasis that the third is almost entirely neglected. 
And this attitude often evolves from the practical 
point of view taken by the scientist—he emphasizes 
those activities he believes the university administra- 
tion considers most valuable when awarding increases 
in rank and salary. 

Actually duties No. 2 and No. 3 are of equal im- 
portance to society. To argue otherwise would be like 
arguing that, for the production of power by a steam 
engine, the water in the boiler is more important than 
the fire under it. Duty No. 3 involves research in the 
methods of, and on apparatus for, transmitting sci- 
ence to future generations. The scientists in each 
major branch of science must take an active, vigorous 
part in the solution of the problem of training its 
teachers and of developing its teaching methods and 
equipment. This must be done for our public schools, 
as well as for our colleges and universities. 

It is important, therefore, that each fundamental 
science department have on its staff at least one high- 
ranking member who devotes his time to the study of 
teacher-training problems, to research in methods of, 
and apparatus for, instruction, and to the communi- 
cation of his findings to future teachers of science. 

Society is demanding that our school children re- 
ceive some instruction in science in every grade from 
one through nine. The director of elementary educa- 
tion in the New York State Department of Education 
has stated, “Next to reading, science is the most im- 
portant subject.” Since only a fraction of the children 
who complete high school ever go to college, it is 
essential that several courses in biological and physical 
science be offered for senior high-school students, and 
this cannot be done without teachers trained in science. 
We scientists, in our respective colleges, must plan 
and offer suitable courses in science for public school 
teachers at appropriate levels of difficulty and com- 
pleteness. In addition, appropriate courses in the 
methods of presenting science subject matter and of 
obtaining and using the necessary teaching materials 
must be organized and taught on a cooperative basis 
by suitable staff members in the science departments. 

The plight of physics in the high schools of the 
U. S. today is indicated by the recent change in the 
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rules governing admission to the U. 8. Naval Acad- 
emy—training in physics is no longer required. With- 
out doubt this admittedly undesirable change was made 
because so few high-school students have an oppor- 
tunity to study physics. One of the most important 
causes of the scarcity of physics courses has been the 
lack of available teachers. Public school officials have 
not been able to find persons with even a bare mini- 
mum of proper training to teach the subject, because 
the number of physics graduates is rather small and 
industry has been able to monopolize the supply by 
offering much higher monthly salaries for all twelve 
months of the year. 

Perhaps physicists and chemists should take their 
cue from botanists and zoologists, and assist in the 
adoption of a recognized course in “general physical 
science” for the high schools, corresponding to the 
usual course in “biology.” Why should the college 
physicists and chemists not encourage such a move? 
It is not a question of physies (or chemistry) or 
“general physical science;” rather, it is a question of 
“general physical science” or no course at all in any 
physical science in senior high school. Such a general 
physical science course would be somewhat less ad- 
vanced than either a physies or a chemistry course; 
it would require less expensive apparatus, and it could 
be taught successfully by a teacher who has had some- 
what less specialized training in physics or chemistry. 
In the large high schools students could even be given 
a choice of “general physical science” and physics 
and/or chemistry. 

It is useless for scientists to stand on the side lines 
and criticize present grade- and high-school science 
teaching, or the lack of it, without making concrete, 
practical suggestions for improvements, and without 
making such changes in our college offerings, entrance 
requirements, and degree requirements as are neces- 
sary to achieve the ends in view. In planning action 
we must remember that the high school is not pri- 
marily a college preparatory school; only a fraction 
of its students enter college. We must also remember 
that all children below a certain age must attend 
school; this is the law of the land, and it prohibits 
flunking the lower third of the children out of school. 
And, most important of all, we must «ot forget that 
all of them will soon be voters. 

Compulsory school attendance brings into the upper 
grades and into high school children with a tremen- 
dous range of native abilities: A recent Associated 
Press story quoted Arthur 8. Adams, president of 
the American Council on Education, as saying that 
a seore of 70 on the new Selective Service aptitude 
test will be made by “only about one sixth of the 
general population, or about half of the college fresh- 
men.” Thus, in comparison with public school pupils, 
college freshmen are, on the average, a very able 
group of people. These facts must be kept in mind 
when a practical course of action for improving sci- 
ence teaching in the public schools is being planned. 

Providing teachers who have had appropriate train- 
ing in science for our grade and high schools will 
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require the cooperation of college science departments, 
departments of education, and the state agencies that 
certify the teachers. I believe that our state depart- 
ments of education and our colleges of education will 
be more than pleased to have the cooperative assist- 
ance of the scientists of our colleges and universities, 
in their attempt to improve elementary and secondary 
instruction in science. We scientists should find out 
just how we can assist in bringing about this desirable 
result, each in his own locality. Let us exercise a 
spirit of research and base our actions on the facts 
which the public school teachers and administrators 
will be only too glad to supply. Improvement cannot 
go far until teachers with appropriate training are 
available. 

If science is to receive adeq ate attention in our 
educational structure, it must receive the general sup- 
port of the voters, including especially our state and 
local lawmakers and officials. Adequate support is not 
likely to be obtained until citizens have much more 
information about science than they have at present. 
This, in turn, is not likely to be achieved until science 
is taught by reasonably competent teachers through- 
out our elementary schools and high schools. Is it not 
a most important proper function of college scientists 
to supply appropriate courses in science for prospec- 
tive public school teachers? Why not attack the prob- 
lem immediately in your own college? 

ScCHRIEVER 
Department of Physics 
University of Oklahoma 


Age of Folsom Man 


In 1950 a Texas Memorial Museum party made ex- 
eavations in valley fill near Lubbock, Texas, where five 
superimposed, fossiliferous, late Quaternary strata are 
present. From the next to oldest of these strata, a di- 
atomite horizon, charred bison bones were obtained and 
submitted to the Institute for Nuclear Studies, Uni- 
versity of Chicago. The radiocarbon test on the charred 
bones gave an age determination of 9,883 + 350 years 
(Libby, letter of Dee. 8, 1950). Excavations at the 
locality were continued during the summer of 1951, 
when additional oceurrences of burned bones were ob- 
served in the diatomite horizon, and in this deposit 
also were found four Folsom projectile points, one 
small scraper, and numerous flint chips. Of the pro- 
jectile points, two were complete and two broken. 
Each of the four points showed distinctive Folsom 
fluting. The upper and lower boundaries of the diato- 
mite horizon are definitely marked, and there is no 
question but that the Folsom artifacts and the charred 
bones are in the same horizon in the section and are 
of the same age, proving that Folsom man hunted the 
bison at this place about 10,000 years ago. 

From a gray sand stratum next underlying the dia- 
tomite, one artifact was found, a combined scraper 
and graver, or a scraper subsequently reworked as a 
graver. This older artifact may represent a culture 
older than Folsom, which has been found at a similar 
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position in the section in the Clovis-Portales area in 
New Mexico. The excavations at the Lubbock and 
Portales localities were carried on under direction of 
Glen L. Evans. The conditions in New Mexico were 
briefly reported by the writer at the 1950 meeting of 
the Geological Society of America (Bull. Geol. Soc. 
Am., 61, 1501 [1950]). 

E. H. 
Texas Memorial Museum 
Austin 


Selective Application of Selective Herbicides 
in the Study of Vegetation Development 


THE successional stages in the development of vege- 
tation have been one of the chief—and most fruitful— 
fields of inquiry for American plant ecologists. 
Changes of vegetation with time, as on abandoned 
agricultural lands and sites subject to natural catas- 
trophes, and the spatial belting of plant communi- 
ties in bogs and swamps, have provided basic data 
for the formulation of hypotheses and theories that 
are now firmly—perhaps too firmly—entrenched in 
our thinking. 

The study of this aspect of vegetation development 
has been furthered primarily by the use of perma- 
nent charted quadrats that are periodically checked, 
and by the assumption, sometimes but not always 
valid, that communities of different growth forms— 
as grasses, shrubs, and trees—are necessarily related 
to one another in a temporal sequence, especially when 
they oceur in parallel belts, as along seacoasts and 
riverbanks, 

The study of vegetation development on abandoned 
agricultural lands at Aton Forest, Litchfield Co., 
Conn., dates from observations and photographie rec- 
ords of 1927. It early became evident that “plant 
succession,” although apparently normal for the 
Northeast, was not progressing in the conventional 
manner. For a period of six years, 1946-51, the selec- 
tive application of selective herbicides, applied inten- 
sively to a total of 40 acres, has been yielding results 
of considerable interest. In view of the fact that, 
so far as the author is aware, others are not using 
herbicides for this purpose, this note is presented to 
stimulate basic research elsewhere. 

The most critical phenomenon in any succession of 
plant communities is that of “invasion,” involving 
migration of the propagule, germination, and success- 
ful establishment of the young plant. Too often the 
stage of invasion of a species has been assumed by 
its physiognomy. Thus, trees are assumed to have in- 
vaded shrubs when both are found together; and 
shrubs to have invaded grass when together. An 
alternative working hypothesis is that species of di- 
verse growth form may have invaded a particular site 
at the same time, and that the present mixed com- 
munities may be the result of differential height 
growth, and of fortuities in the distribution of indi- 
viduals. Evidence pro or con can be obtained by care- 
fully removing all the individuals of selected species, 
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with observations on subsequent reinvasion. The only 
technique available in earlier years was physical re- 
moval with shovel, mattock, or axe. The procedure 
was a failure in that pieces of rhizomatous or root- 
suckering plants were invariably left in the soil, new 
seeds were planted, bare inorganic soil was exposed, 
and the plant community ceased to be the one orig- 
inally under investigation. 

Herbicides now afford a “tool” of extreme value in 
this field of research. Various formulations of 2,4-D 
(2,4-dichlorophenoxyacetie acid) and 2,4,5-T (2,4,5- 
trichlorophenoxyacetie acid) are available commer- 
cially. Most broad-leaved and coniferous plants are 
sensitive to them; grasses, ferns, and certain rhizom- 
atous plants are resistant. With a knapsack sprayer 
equipped with a nozzle of low output, or using an oil- 
can, squirt gun, paintbrush, or one’s fingers, a high 
degree of selectivity in application can be effected. 
Even with a knapsack sprayer one can basal-spray a 
tree or bush, and leave unharmed a plant 6 in. away. 
The chemicals are organic compounds that disinte- 
grate in the soil in a matter of weeks or months, 
leaving no known residue. In the six years of appli- 
eation at Norfolk, no cumulative adverse effect has 
yet been noticed in the treated vegetation. In short, 


the selective application of selective herbicides allows 
one to pin-point out all individuals of most unwanted 
species, with apparently no ultimate physical or chem- 
ical changes in the soil, and with the rest of the plant 
community undisturbed. 

Evidence now available from the author’s study of 
vegetation development with the use of chemicals is 
sufficiently unprecedented to merit tests of this tech- 
nique by others. For example, following local elimina- 
tion of over 100 species of plants, reinvasion is result- 
ing in a subsequent development totally different from 
that anticipated. Among the 70 kinds of woody plants 
eliminated, fewer than five give any evidence of stag- 
ing a significant comeback even in the more open of 
the covers, and those five are returning in different 
proportions than they originally held. The significance 
of these phenomena for forest, range, wildlife, and 
other aspects of land management is worth critical 
consideration. They open up new vistas for research 
and development on the conversion to, and low-cost 
maintenance of, plant communities of all kinds, in- 
cluding those that are critical in the conservation of 
our natural resources. 

Frank E. Ecier 
American Museum of Natural History 


Book Reviews 


Laboratory Design. National Research Council Re- 
port on Design, Construction and Equipment of 
Laboratories. H. 8. Coleman, Ed. New York: Rein- 
hold, 1951. 393 pp. $12.00. 

If Stone Age man were to sit in judgment on our 
twentieth-century civilization, he might well be con- 
founded by the seemingly endless operations involved 
in picking up the rock and hurling it at the charging 
beast—and, after the felling of the critter, by the long 
sequence of doings that delayed the meal. But, re- 
garded in terms of result, this magic that is science 
would no doubt capture his imagination and command 
his attention. 

There is no doubt about the wholesome respect for 
value that has directed the National Research Council 
and Mr. Coleman to so commendable an effort as 
publication of Laboratory Design—not to mention the 
research activity that forms the basis for the volume. 
Not only is there evidence of far-ranging and careful 
application to detail; there are clear signs of constant 
attempt at integration. In a field of endeavor that 
stretches so wide and deep, such fruitful means as the 
economical module of laboratory space and the stand- 
ardized components of equipment are valuable contri- 
butions. These devices and yardsticks, born of the 
urgencies of science, attest to the concert of action and 
indicate a concern for end product. In this propitious 
climate, it would nevertheless seem appropriate for 
architect Roland Wank to warn, as he does in his 
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introduction, against possible overeoncurrence—and 
to speak for new approach when change and new 
discovery have reduced old systems to irrelevance. 
Perhaps, however, neither Mr. Wank nor the other 
contributors have placed enough stress on the role of 
the architect. Or perhaps there have been enough 
words; however, the majority of the buildings shown 
tell a story of arbitrary limitation. Meaningless bi- 
lateral symmetry, forced facade, insipid ornamenta- 
tion, stand in the way of full realization. The factor of 
environment has been neglected. There has been but 
little brought forth that illustrates atmospheric quality 
of a space. There seems to be scant awareness of the 
need for the pleasant and the inspiring; little regard 
for the welfare of these humans who work for the 
general welfare. But these are the faults of the archi- 
tects. They are the ones whom vision must lead to a 
deeper comprehension for this synthesis. This volume 
could have benefited from a more judicious selection 
of architecture. 

Presentation is designed for easy reference—a re- 
freshing change from the majority of factual publica- 
tions. However, the book does not rise to the possibili- 
ties inherent in so colorful a realm. Where is there 
reflected the daring, the adventure, the beauty, of 
precise cireumstance? Why should not typography, 
photograph, word, and drawing reveal the potencies 
and dignities of science? This failing seems to be part 
of a pattern of behavior that endures life in a medium- 


gray, average, inanimate normality. Basically, nature 
is not that way, and scientists are the ones equipped to 
tell us so. Or is the higher evaluation the prerogative 
of the poet? 

There would seem to be little doubt as to the im- 
mense value of this volume to all members of the 
laboratory team. It would appear to stand as a model, 
for other fields as well, in its systematic attack upon 
the common problem of fact-gathering and recom- 
mendation. 

CHESTER NAGEL 
The Architects Collaborative 
Cambridge, Massachusetts 


Cybernetics: Circular Causal and Feedback Mecha- 
nisms in Biological and Social Systems. Transac- 
tions of the Seventh Conference, March 23-24, 
1950, New York. Heinz von Foerster, Ed. New 
York: Josiah Macy, Jr. Foundation, 1951. 251 pp. 
$3.50. 


This new volume has been edited by Heinz von 

Foerster, of the Department of Electrical Engineer- 
ing, University of Illinois, with the assistance of Mar- 
garet Mead, of the American Museum of Natural His- 
tory, and Hans Lukas Teuber, Department of Neurol- 
ogy, New York University College of Medicine. This 
diversity of professional interests of the editors is in- 
dicative of the variety of professions represented by 
the conference participants and guests. The program 
is represented as an experiment in an attempt to re- 
integrate science. In the words of Frank Fremont- 
Smith, medical director of the foundation, 
- « « between the disciplines there are real difficulties 
in communication—partly emotional and partly semantic. 
Emotionally some investigators accept only data derived 
from methods or disciplines with which they are familiar. 
On the semantic level the physical and biological sciences 
can understand each other without difficulty as can the 
medical, psychiatric, and social sciences. However, to 
bridge the gap between the physical and biological sci- 
ences on the one hand and the psychological and social 
sciences on the other is very difficult. Through the Confer- 
ence Program this Foundation hopes to foster communi- 
cation and reintegration and ... give a clearer repro- 
duction than now appears in the scientific literature of 
what takes place in the laboratory and what goes on in 
the minds of scientists. 


This reviewer found it interesting, pleasant, and 
highly stimulating to be “present” at a discussion 
conference while relaxing in an easy chair. Since a 
considerable amount of information was brought out 
through discussion, in addition to that presented in 
the formal reports, a summary of the material would 
only tend to underestimate the contents. The specific 
topics considered at the meetings were: “Some of the 
Problems Concerning Digital Notions in the Central 
Nervous System,” Ralph W. Gerard; “The Manner 
in which and Extent to which Speech Can Be Dis- 
torted and Remain Intelligible,” J. C. R. Licklider; 
“The Redundancy of English,” Claude E. Shannon; 
“Experience in Learning Primitive Languages 
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Through the Use of Learning High Level Linguistic 
Abstractions,” Margaret Mead; “On the Development 
of Word Meanings,” Heinz Werner; “The Develop- 
ment of Language in Early Childhood,” John Stroud; 
and “The Relationship of Symbolic Function in Lan- 
guage Formation and in Neurosis,’ Lawrence 8. 
Kubie. 

In spite of the participants’ different viewpoints 
and training, the discussions maintained a high level 
of intelligibility and continuity. In closing the meeting 
Fremont-Smith stated, 

I do feel that . . . we have come closer to a discussion 


in which there is a common denominator for every dis- 
cipline here. 


For this very reason, the volume should be of inter- 
est to scientists, regardless of their specific fields. The 
Josiah Macy, Jr. Foundation should be congratulated 
for making possible the conference and the publica- 
tion of this book. 

M. D. Steer 
Speech and Hearing Clinic, Purdue University 


The Kidney: Medical and Surgical Diseases. Arthur 
C. Allen. New York: Grune & Stratton, 1951. 583 
pp. $15.00. 

More than half this “text and atlas of renal dis- 
ease” consists of lucid, well-ordered plates, mostly 
photomicrographs. The legends are brief but clear 
and descriptive. There are useful sections on renal 
anatomy, embryology, and malformations. 

The aim of the book is to help clinicians in visual- 
izing the lesions that cripple their patients, and 
morphologists in reconstructing the dynamic evolution 
of the static lesions they finally see. 

Unfortunately but inevitably, “life is short, art is 
long”—too long now for uniform excellence in every 
one of its aspects. Here and there the text contains 
pronouncements that could mislead a trusting clinician 
or student; related references give the impression of 
an uncritical selection. On the other hand, the coverage 
of renal pathology is in general satisfying, and some 
sections, notably those on toxins, infections, diabetes, 
and tumors, equal the high standard of the illustra- 
tions. Pathologists will take exception to the term 
“membranous” as applied to glomerular disease (it is 
accurate but has unrelated and well-established asso- 
ciations), to classification of benign albuminuria as 
a glomerular disease and myeloma kidney as a distal 
tubular nephrosis, and to a concept of hyaline drop- 
let formation that runs counter to current weighty 
evidence. 

The handsome volume is therefore recommended as 
a comprehensive atlas which should be in the hands 
of all who have to do with renal disease. But they 
should salt their use of its text by reference to other 
guides, such as Fishberg, Addis, Oliver, Bell, and 
Smith. 

A. C. Corcoran 

Research Division 

Cleveland Clinic Foundation 
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Gust published! 


MEDICINAL CHEMISTRY 


Chemistry, Biochemistry, Therapeutic and Pharmacological Action of 
Natural and Synthetic Drugs. In two volumes. 


By ALFRED BURGER, Associate Professor of Chemistry, University of Virginia. 
VOLUME II: 522 pages, 26 illus., 60 tables. $10.00 


Previously published. VOLUME I: 1951. 595 pages, 15 illus., 58 tables. $10.00 


“The scope of Professor Burger’s book is broad, but so is the subject. Excellent 
judgment has been exercised in the choice of subjects and in the manner of presentation. 
Methods of biological testing are reviewed for each class of drugs, and the biochemical 
aspects of the subject are stressed throughout. . . . 


“Despite the fact that the author considers Medicinal Chemistry a graduate treatise, 
this reviewer believes that it can be read and understood by senior students in most col- 
leges of pharmacy in this country and can be used advantageously by such students 
either as a textbook or as a reference book.”—Journal of the American Pharmaceutical 
Association 


PROGRESS IN COSMIC RAY PHYSICS 
Edited by J. G. WILSON, University of Manchester. 
560 pages, 200 illus., 20 plates. $12.00 
This book provides a series of reviews covering, in particular, those aspects of the physics 


of cosmic radiation in which advances of broad significance are being made at the present 
time. 


additions to... 


UNIVERSITY MATHEMATICAL TEXTS 
General Editors: Alex C. Aitken and D. E. Rutherford 


VOLUME AND INTEGRAL 
By W. W. Rogosinski. 176 pages, $2.25 


For the treatment of the theory of the Lebesque Integral a consistently geometrical 
approach has been chosen in order to show the simple underlying ideas. 


PARTIAL DIFFERENTIATION 
By R. P. Gillespie. 116 pages, $1.95 


This book provides an account of partial differentiation designed for a reader who 
has already obtained some knowledge of the differential caleulus as applied to functions 
of a single variable. 


CLASSICAL MECHANICS 
By D. E. Rutherford. 208 pages, $2.25 
This book provides a logical development of theoretical mechanies from Newton’s 
Laws to Hamilton’s Principle. The requirements of the physicist as well as the mathe- 
matician have been kept in mind and such omissions as the limitations of space have 
demanded have been confined to topics that have little bearing on the structural develop- 
ment of the subject as a whole. 


INTERSCIENCE PUBLISHERS, INC. New York York 
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ANOTHER MOSBY BOOK! 


Schaub-Foley’s New Fourth Edition 


DIAGNOSTIC BACTERIOLOGY 


In 1940, a small laboratory manual entitled Methods for Diagnostic Bacteriology 
came from the Mosby Press. Since that time, phenomenal progress has been made in 
the diagnosis and treatment of bacterial infections—and the book was revised in 
1943 and 1947 and again this year to keep abreast of developments. 

In this, the New Fourth Edition, it represents diagnostic bacteriology in complete 
and up-to-date form. Those who have used it in its gradual development to an ex- 
cellent text will find the new edition even more useful than in the past—and new 
users will discover something they have searched for and not found in any book on 


general bacteriology. 


To bring all the advances in medical bacteriology 
into one book for students and practitioners, DI- 
AGNOSTIC BACTERIOLOGY has been com- 
pletely revised and enlarged. Much of the book has 
been rewritten. Many of the procedures have been 
streamlined, and the authors have made use of new 
media and methods of differentiation and identifi- 
cation. 

In addition, two new sections have been added. 
Under Bacteriological Methods a discussion of the 
Gram stain has been included. Under Determina- 
tion of the Sensitivity of Bacteria to Antibiotics, 
detailed methods are given. They represent new 
and valuable sections to this edition. 

The subject of diagnostic bacteriology is now 


covered more adequately than in any other book. 
Schaub and Foley have done it completely—and 
they have done it in the most practicable and work- 
able form, starting with the handling of clinical 
material. They follow with descriptions of pro- 
cedures for the identification of organisms, first by 
colony characteristics, then by biochemical reations, 
and end with serologic tests. 

In this its Fourth Edition, it will serve an even 
wider field than before. In addition to its use in 
professional and technical classes, it will fulfill the 
original intention of the authors as a guide and ref- 
erence book for the hospital or clinical bacteriolo- 
gist, the public health bacteriologist, and the re- 
search bacteriologist. 


By ISABELLE GILBERT SCHAUB, A.B., Technical Director, Clinical Bacteriology Labora- 
tories, The Johns Hopkins Hospital; Instructor in Bacteriology, The Johns Hopkins Univer- 
sity School of Medicine and the Nurses Training School, The Johns Hopkins Hospital; 
and M. KATHLEEN FOLEY, M.A., Instructor in Bacteriology, Department of Biological 
Sciences, College of Notre Dame of Maryland. 356 pages, illustrated. Price, $4.50. 


Direct orders to: 3207 Washington Blvd., St. Louis 3, Missouri 


Published by 
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Publications Received 


De Bare’e Sprekende Toradjas van Midden-Celebes. Vols. 
55, 56 (Nos. 1-3). N. Adriani and Alb. C. Kruyt. Am- 
sterdam: N. V. Noord. Hollandsche Uitgevers Maat- 
schappij, 1951. Supplements with plates, maps. 

Environment and Health. Public Health Service Pub. No. 
84. Washington, D. C.: Federal Security Agency, 1951. 
152 pp. Illus. 75¢. 

Fossil Mammals of Africa: Miocene Anthracotheriidae 
from East Africa, No. 4. D. C. Macinnes. London: 
British Museum (Natural History), Nov. 1951. 24 pp., 
4 plates. 12s. 6d. 

Housing Research, No. 1. Winfield Best, Helen K. Delany, 
Eds. Washington, D. C.: Div. Housing Research, Hous- 
ing and Home Finance Agency, Fall 1951. 51 pp. 30¢. 

Ministry and Medicine in Human Relationships. Trans- 
actions of < “RY held at New York May 11, 1950. 
New York: N. Y. Acad. Medicine. 75 pp. (Mimeo.). 

The Oyster Sede of Willapa Bay, Washington. Trevor 
Kincaid. Seattle, Wash.; Calliostoma Company, 1951. 
45 pp. Illus. $1.00. 

Palm Trees in the United States. Agr. Information Bull. 
No. 22. Forest Service, U. S. Dept. Agr. Washington: 
GPO, 1951. 15¢. 

Proceedings of the First Pakistan Science Conference, 
Lahore, 1949. Pt. II, Presidential Addresses. 64 pp. 
Pt. III, Abstracts. 96 pp.; Proceedings of the Second 
Pakistan Science Conference, Karachi, 1950. Pt. II, 
Presidential Addresses. 65 pp. Pt. III, Abstracts. 89 
PP-; Proceedings of the Third Pakistan Science Con- 
ference, Dacca, 1951. Pt. II, Presidential Addresses. 
Lahore: Pakistan Association for the Advancement of 
Science, 1951. 156 pp. 

The Production of Doctorates in the Sciences: 1936-1948. 
A report of a project sponsored by the Manpower 
Branch, Human Resources Division, Office of Naval Re- 
search. Prepared by Douglas E. Seates, Bernard C. 
Murdoch, and Alice V. Yeomans. Washington, D. C.: 
American Council on Education, Sept. 1951. 228 pp. 
(Mimeo.). 

Report of the Food Investigation Board, 1949. Franklin 
Kidd, director. 36 pp. 1s. 6d.; Report of the Water 
Pollution Research Board, 1950. B. A. Southgate, di- 
rector. 44 pp. 1s. 6d; Report of the Chemistry Re- 
search Board, 1950. London: Dept. of Scientific and 
Industrial Research, 1951. 104 pp. 3s. 6d. 

Report of the Medical Research Council for the Years 
1948-1950. Committee of Privy Council for Medical 
Research, Viscount Addison, chairman. London: H. M. 
Stationery Off., 1951. 247 pp. 6s. 6d. 

Something Can Be Done about Chronic Illness. Public 
Affairs Pamphlet No. 176. Herbert Yahraes. New 
York: Public Affairs Committee, 1951. 32 pp. Illus. 
25¢. 

Studies in Night Visibility. Highway Research Board 
Bull. No. 43. Washington, D. C.: Highway Research 
Board, NRC, Nov. 1951. 56 pp. 90¢. 

Sulfur Poisoning of Nickel Catalysts. C. H. Riesz, H. A. 
Dirksen, and W. J. Kirkpatrick. Inst. of Gas Technol- 
ogy Research Bull. No. 10. Sept. 1951. 24 pp. $2.50; 
Expansion Behavior of Coal during Carbonization. 
O. P. Brysch and W. E. Ball. Inst. of Gas Technology 
Research Bull. No. 11. Chicago: Inst. of Gas Technol- 
ogy, Oct. 1951. 60 pp. $5.00. 

The Theory of the Microscope. James R. Benford. 
Rochester, N. Y.: Bausch & Lomb Optical Co., 1951. 
24 pp. Illus. 
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Interesting ¢ New Texts from Macmillan 


Professor Gardiner’s basic text for gen- 
eral biology courses presents a broad 
general view of the principles underlying 
biological concepts and methods. It is a 
principles type of book rather than a de- 
scriptive statement of factual material. 
Physiology of function has been stresses. 


Professors of Genetics will welcome this 
authoritative and complete survey of the 
growth and development of genetic the- 
ory during the past 50 years. Never be- 
fore has the thought of so many impor- 
tant leaders in the field of genetics been 


2nd Edition MAN AND THE LIVING WORLD 


A practical all-inclusive textbook for 
elementary biology courses, this book 
stresses particularly the human body, 
human interests in living things, and the 
organizational patterns of the living 
world, both evolutionary and nutritional. 
In this second edition such topics as the 


THE PRINCIPLES OF GENERAL BIOLOGY 


MARY S. GARDINER 


The book is divided into four main 
parts: The Organization of the Natural 
World, The Organization of Biological 
Systems, The Operation of Biological 
Systems, and The Evolution of Biological 
Systems. Published in January. $5.75 


GENETICS IN THE TWENTIETH CENTURY 


Editor—L. C. DUNN 


brought together between the covers of 
a single volume. Each outstanding con- 
tribution covers a different phase of the 
science. The textual material is accom- 
panied by fifty-four illustrations and 
twelve helpful charts. 1951—$5.00 


E. E. STANFORD 


scope of science, antibiotics, atomic haz- 
ards, tracer research, reproduction, ge- 
netics, and the food prospects of the 
world have been added to the original 
material. Carefully selected material on 


conservation is included. 195]—$5.50 


6th Edition COLLEGE ZOOLOGY 


ROBERT W. HEGNER & KARL A. STILES 


Improved constantly since its original 
publication in 1912, this distinguished 
classic for the introductory zoology 
course presents a record unique in text- 
book publishing. Throughout its 40-year 
history it has steadily maintained its 
place as the leading text in the field. With 
the publication of the sixth edition Dr. 


THE MACMILLAN COMPANY, NEW YORK, N.Y. 


January 25, 1952 


Stiles has thorougly revised and re- 
written the book to include the latest dis- 
coveries in zoology as well as the sug- 
gestions of outstanding specialists in the 
field. 300 handsome new illustrations en- 
rich the illustrative material. 195]— 
$6.00 
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RESEARCH BIOCHEMICALS 
for 
Biochemical 


Biological & Microbiological 
INVESTIGATIONS 


TYPICAL NBCo PRODUCTS 
Listed in New Catalogue S$ +810 


Inosine Alpha Keto Glutaric Acid 
Cytidine DL Homocysteine 
Uridine Desoxyribonucleic Acid 
Uridylic Acid Cytidine Sulphate 

L Alanine Protamine Sulphate 
Xanthosine DL Homocystine 

Write for Revised Catalogue S 950 Listing 


a Complete Selection of Over 500 
Important Biochemicals 


Mdnitonal Prchemicels 


CLEVELAND 


GRASSES OF WISCONSIN 


The taxonomy, ecology, and distribution of 
the Gramineae growing in the state without 
cultivation, 


By Norman C. Fassett With an essay 
THE VEGETATION OF WISCONSIN by John 
T. Curtis. Of the plants described here some 
are natives of Wisconsin, some have been or 
still are being cultivated or sown for some pur- 
pose and have escaped to propagate without 
further assistance from map, while a third 
group has been accidentally or unintentionally 
introduced from other parts of North America 
or from other continents, 


An unusual feature of this book is the integra- 
tion of the keys and illustrations: individual 
parts of the plant are identified clearly in the 
figures and correspond with the explanation in 
the keys. A reader unfamiliar with the struc- 
ture and classification of grasses will find help 
in the comparatively simple language, discussion 
of grass morphology, and the integration of the 
keys with the illustrations. The professional 
botanist will find information of the kinds of 
grasses found in Wisconsin and maps of their 
range in this state. 


180 pages. 356 figs. 182 maps. Index. $3.00 


UNIVERSITY OF WISCONSIN PRESS 
811 State St., Madison 5, Wis. 
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Meetings & Conferences 


Jan. 31-Feb. 1. American Society for Metals (Midwinter 
Technical). William Penn Hotel, Pittsburgh. 

Jan. 31-Feb. 2. American Physical Society (Annual). 
Columbia University, New York. 

Feb. 1-2. Ontario Psychological Association. Toronto. 

Feb. 1-2. Protein Conference (Annual). Bureau of Bio- 
logical Research, Rutgers University, New Brunswick, 

Feb. 3-8. American Society for Testing Materials. The 
Shoreham, Washington, D. C. 

Feb. 8. American College of Radiology. Palmer House, 
Chicago. 

Feb. 10-12. Congress on Medical Education and Licen- 
sure. Palmer House, Chicago. 

Feb. 13-15. California Mosquito Control Association (An- 
nual). Fresno. 

Feb. 15-16. Mathematical Association of America 
(Louisiana-Mississippi Section). Northwestern State 
College, Natchitoches, La. 

Feb. 17-24. Brotherhood Week. 

Feb. 18-Mar. 7. British Commonwealth Scientific Official 
Conference. Canberra and Melbourne, Australia. 

Feb. 23. American Mathematical Society (Eastern). 
Columbia University, New York. 

Feb. 23-27. American Association of School Administra- 
tors (Regional). St. Louis, Mo. 

Feb. 24-29. Latin American Congress of Physical Medi- 
cine. Panama City, R. P. 

Feb. 25. Massachusetts Society for Research in Psy- 
chiatry. Cushing Hospital, Framingham. 

Feb. 26-28. American Concrete Institute. Netherland 
Plaza Hotel, Cincinnati. 

Feb. 28-Mar. 1. National Conference on Rural Health. 
Shirley-Savoy Hotel, Denver. 

Feb. 29. Natural Gasoline Association of America. Lin- 
coln Hotel, Odessa, Tex. 

Mar. 3-5. National Cancer Conference. Netherland Plaza 
Hotel, Cincinnati. 

Mar. 3-7. American Society for Testing Materials 
(Spring). Cleveland. 

Mar. 6-8. American Academy of Forensic Sciences (An- 
nual). Atlantic Biltmore Hotel, Atlanta. 

Mar. 8-12, American Association of School Administra- 
tors (Regional). Los Angeles. 

Mar. 10-13. National Electrical Manufacturers Associa- 
tion. Edgewater Beach Hotel, Chicago. 

Mar. 10-13. New Orleans Graduate Medical Assembly 
(Annual). Municipal Auditorium, New Orleans. 

Mar. 10-14. National Association of Corrosion Engineers 
(Annual). Galveston. 

Mar. 16-19. American Institute of Chemical Engineers. 
Atlanta Biltmore Hotel, Atlanta. 

Mar. 17-19. Midwestern Conference on Fluid Mechanics. 
Ohio State University, Columbus. 

Mar. 17-22. Pakistan Association for the Advancement 
of Science (Annual). Peshawar University, N.W.F.P. 

Mar. 19-21. American Association of Anatomists (An- 
nual). Brown University, Providence, R. I. 

Mar. 20-22. American Physical Society. Deshler-Wallick 
Hotel, Columbus, Ohio. 

Mar. 23-27. American Association of Petroleum Geolo- 
gists, Society of Economic Paleontologists and Min- 
eralogists, Society of Exploration Geophysicists (Joint 
Annual). Biltmore Hotel, Los Angeles. 
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PERSONAL OR 
PROFESSIONAL LIBRARY 


Used in All Sections of the Country . . . 


A LABORATORY AND FIELD 
MANUAL OF ORNITHOLOGY 


by Olin Sewall Pettingill, jr., Carleton College 


The popularity of this manual has spread to all 
sections of the country where it is used by over 
one hundred schools for classroom and field 
work. 


Complete Alpha 
Proportional 


* 


@ Complete 
“Packaged” 
Counting Sys- 
tems 


Although written for students and professional 
ornithologists, it provides the amateur bird of Rediesi 
1 oprah ong a highly informative manual for @ The NUCLEAR Model 117 Counting 
eld studies. methane Flow Alpha Propor- 7 
everything you need for count- 
PRICE $3.50 ing alpha particles in the pres- © Katiedis 
. ence of high beta activity. It Covat Rete 
includes all parts of a complete Meters 
single cabinet for operatin - 
all BURGESS P UBLISHING COMP. ANY venience. The 
% 428 SOUTH SIXTH STREET MINNEAPOLIS 15, MINNESOBA directly on the front of the cabi- 
net, is provided with a sample itoring Instru- 
1 raising mechanism which ments for Person. 
possible acl Protection 
geometries. A variable gain, high 
BIND °EM... pie linear am lifier with 
resolving time of only 2 micro- | 
and you'll a speed @ Gloss Wall, | 
recorder and a 3000 volt (maxi- A . 
find them! mum) supply are also built in. wise 
The Higinbotham type scale of end Windowless 
. 256 permits registering accuratel Counters 
an input counting rate as high 
as 500,000 counts per minute. 
e Model 117 is another in @ Complete ; 
NUCLEAR’S wide range of in- Line of Acces- 
\- struments engineered to meet ar 
the needs of every nuclear pores 500/arm 
laboratory. Nuclear Labo- 
story 
nuclear INSTRUMENT and 
CHEMICAL CORPORATION * 
. 237 West Erie Street 
Keep your copies of SCIENCE always available for quick, Chicago 10, Illinois 
easy reference in this attractive, practical binder. Simply Western Office: 
Be snap the magazine in or out in a few seconds—no punch- 1063 Colorado Bivd., Los Angeles ise 
ing or mutilating. It opens FLAT—for easy reference and : nuc | ear. 
it readability. Sturdily constructed—holds 26 issues. Export Department: } 
> 13 E. 40th St., New York, N. Y. f. PRECISION IN- 
This beautiful maroon buckram binder stamped in gold \ 
leaf will make a fine addition to your library. Only $2.75 STRUMENTATION ~ 
extra—year of issue extra ow! Cable Address: | MEASUREMENTS 
Arlab, 
SCIENCE @ 1515 Mass. Ave., N.W., Washington 5, D. C. 
| 
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PERSONNEL PLACEMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industri ial 
laboratories, and research foundations in the > 
and 76 foreign countries—at a very tow cost 
CLASSIFIED: 15¢ per word, minimum charge $3.00. Use 
of Box Number counts as 10 additional words. 
DISPLAY: $17.50 per inch, no charge for Box Number. 
Correct payment to SCIENCE must accompany all ads. 
Insertion usually made 2 or 3 weeks after receipt of ad. 


SCIENCE @ 1515 Mass. Ave., N.W., Wash. 5, D. C. 


POSITIONS WANTED 


Assistantship, to work toward Masters Degree, Bacteriology, one 
year experience. Box 77, SCIENCE x 


Botanist 31, wishes songs and research position. General Botany, 
Ecology. Experience, Publications. Box 78, SCIENCE. 2/1 


Need Me? Expert etiting, writing, literary research, medicine ong 
science. Box 76, SCIENCE, 


Positions Wanted: 

(a) Biochemist; Ph.D. particularly well trained in mammalian 
physiology and biochemistry as related to endocrine function; five 
years’ teaching; several years, director, research in industry. (b) 
cience Writer; Ph.D. Biochemistry ; ; six years, associate editor 
of one of the scientific journals. For further information, please 
write Science Division, Medical Bureau (Burneice Larson, Direc- 
tor) Palmolive Building, Chicago. x 


Wanted senior administrative position in university, graduate 
school, experiment station, or research foundation by biochemist. 
wenty years post-doctorate experience in plant sciences primarily 
in relation to agriculture, includin teaching and administration. 
Many publications. B Box 79, SCIENCE 2 


Bight siologist M.S. or Ph.D. level. Electronics 
experience essential; bioelectric potentials experience desirable. For 
university research position. Academic rank and euler. to $5,500 
according to training and experience. Box 64, SCIE E. 

vis. 25; 2/1 


OPPORTUNITY 
for 
BIOCHEMIST 


Progressive, well-equipped research laboratory offers op- 
portunity for steady employment, professional advancement, 
working with recognized leaders in the food field, salary 
commensurate with training and experience, complete em- 
ploye benefit program. 


M.S. or Ph.D.—good biochemistry background, 
versed in pharmacology — | toxicology. 


(Our personnel have been advised of this opening.) 
CENTRAL LABORATORIES 


GENERAL FOODS CORPORATION 
1125 Hudson St., Hoboken, New Jersey 


Pharmacologist, M.D. or Ph.D., for pharmacod mamic research 
with Eastern company. Replies held in con- 
fidence. Box 68, SCIENCE. 1/18, 25; 2/1 


Pharmaceutical Chemist, experience ethical firm, Cali- 
fornia; Micro-Biologist for research, West Coast ; Bio-Chemist 
. for cancer research, $4800, also Bacteriologist, B.S. or M.S 
4200, California; write ‘Continental Medical Bureau, agency, 510 
est Sixth Street, Los Angeles 14 x 


LOOK AROUND... 


number of satisfied advertisers using small-space 

in practically every issue of SCIENCE —proof th these 
ads get results! If you have a product or service of interest to 
scientists, why not take advantage of this low-cost means of in- 
creasing your profits! 


POSITIONS OPEN | 


| 


SCIENTISTS—salaried positions, $3, 600 to $25,000. 
This confidential service for outstanding men who desire a change 
of connection, will develop and conduct preliminary negotiations 
without risk to present position. Send name and address for details. 
TOMSETT ASSOCIATES @ 335 Frick Bidg., Pittsburgh 19, Pa. 


The University of Liverpool. Applications are invited for I.C.I. 
Research Fellowships in Physics, Chemistry, Sagaeetine, Metal- 
lurgy, Pharmacology, Chemotherapy or any related subject, to 
which some appointments will be made during the current academic 
year. The appointments will date from 1 October, 1952 (or earlier 
in the case a selected candidates who may be available before that 
date). The salary will depend upon qualifications and experience, 
but will be within the range of £600—£900 per annum, together 
with F.S.S.U. benefits and family allowances. Applications (three 
copies), with a list of publications and the names of two referees, 
should be received not later than 31st March, 1952 by the under- 
signed, from whom further particulars may be obtained. (Candidates 
overseas, who find it more convenient to do so, may send one copy 
only by airmail.). Stanley Dumbell, Registrar. x 


Open: 

Physician experienced in clinical research to become associated 
with one of the country’s leading pharmaceutical companies ; pref- 
erably one interested in career in pharmaceutical field. (b) Re- 
search Associate in experimental surger university medical 
school. (c) Pharmaceutical Chemist quali ed to direct new pharma- 
ceutical products control department ; Midwest. (d) Chemist; M.S. 
or Ph.D.; research, large industrial company; Chicago area. (e) 
Ph.D. in ‘Entomology with some knowledge of botany; instructor- 
ship, july or September; East. (f) Research Associate, Ph.D. 
trained in Physiology and we experienced in handling small 
mammals; cancer grant; Bast. ( eo qualified to 
serve as group leader, research if eo} id of antibiotics; expansion 
eS) one of major companies. S$1-4 Science Division, Medical 

ureau (Burneice Larson, Director) Palmolive Building, Cileagp, 


AVOID DELAY ... . Cash in Advance payment 
MUST be enclosed with ALL classified ads. 
See “Charges and Requirements” 


—The MARKET PLACE— 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the U. S. 
and 76 foreign countries—at a very low cost 
» CLASSIFIED: 20¢ per word, minimum charge $5.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 
DISPLAY: Rates listed below—no yy for Box 
Monthly invoices will be sent on a account basis 
—providing satisfactory credit is establi 
Single insertion $17.50 per inch 
im inch 


WANTED TO PURCHASE ... 
braries and smaller 
SCIENTIFIC Booxs wanted. 
WALTER Jj. JOHNSON @ 125 East 23rd St., New York 10, N. Y. 


BACK NUMBER PERIODICALS — Bought and Sold 


@ Tell us what you want!—What have you to offer? 


Abrahams Magazine Service DEPT. P, 56 E. 13th ST. 
Established 1889 NEW YORK 3. N. Y. 
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26 times in 1 year 12.50 per inch 
; 52 times in 1 year 11.00 per inch 
: For PROOFS on display ads, copy must reach SCIENCE 4 
— anal weeks before date of issue (Friday of every week). | 
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—The MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


YOUR ad here reaches over 32,000 foremost scientists 
ing 


in the leadi 


76 foreign countries—at a very low cost 


CLASSIFIED: 20¢ per word, minimum charge $5.00. Use of 
Box Number courts as 10 additional words. Correct 
payment to SCIENCE must accompany 

DISPLAY: Rates listed below—no charge Sr Box Number. 
Monthly invoices will be sent on a c account basis 

—providing satisfactory credit is establis . 

Single insertion $17.50 per inch 
7 times in 1 year 16. 
13 times in 1 year 14, 
26 times in 1 year 12. 
52 times in 1 hoy 1 

For PROOFS on display copy must reach SCIENCE 4 
weeks before ym oy of ‘es tiday of every week). 


Your sets and files of scientific journals 


SUPPLIES AND EQUIPMENT 


@ RARE 
@ COMMON 
Price list on Request 


STAINS 


|_ 


animal is half the experiment” 


SWISS ALBINO MICE — 


ALBINO -W RATS 


albino farms , ?. 0. BOX 331 
dept. A RED BANK, N. J. 


are needed by our library and institutional customers. Please send 
us lists and description of periodical files you are willing to sell 
at high market prices. Write Dept. A3S, j . CANN N 

Boston 19, Massachusetts 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries—Sets and runs—Single titles 
Also, please send us your want lists. 
STECHERT-HAFNER, INC. 
31 East 10th St., New York ‘3 


Mil 


CATS PIGEONS HAMSTERS 
Clean healthy well-fed animals) mice POULTRY GUINEA PIGS 


Guarant 
eed suitable for your needs. 
ante JOHN C. LANDIS + Hagerstown, Md. 


FEB. 15. 
PROCEEDINGS ISSUE 


Send your copy in, now! 


LABORATORY ANIMALS ‘DOGS RABBITS 


New.Food Ingredients - New Drugs 


ANIMAL TESTS 


Analyses - Consultation - Research 


LaWall & Harrisson 


Bacteriologists 
Chemists - Pharmacologists 


Div. S, 1921 Walnut St., Philadelphia 3, Pa. 


SUPPLIES AND EQUIPMENT 


All Amino Acids (natural, synthetic, unnatural), 
Rare Sugars, Biochemical Products, Reagents, New Pharma- 


SODIUM IODIDE, THALLIUM- - ACTIVATED CRYSTALS 
Vacuum-sealed in quartz envelopes to insure permanency. Desi -~ 
for scintillation wert with standard photomultiplier tubes. 

for Bulletin SC-5. NUCLEAR RESEARCH CORP. 2707 ng 


Street, Philadelphia 46, Pa. 


automatic Washers 


for Pipettes Aniensl Cages Leborstery Gloseware 


Please send for literature 


HEINICKE Instrument COFP. 2872 


ceuticals in stock. Write or phone PLaza 7- 8171 for compiet 
price list. 


BIOS LABORATORIES, INC. Stress, 


GBI CATALOG No. 677 


Lists more than 300 items for Research — 
Biological, Microbiological, Bacteriological, 
Biochemical, Nutritional. Write 

GENERAL BIOCHEMICALS, INC. 


72 LABORATORY PARK © CHAGRIN FALLS, OHIO 


Range 1.2 to 7.5 Soecific Gravity 
For the Getermination of Specific Gravity 


Minerals—Gems—and other substances. 


Write for leaflet HL-S 
118 Liberty St., New York 6, N. Y. 


R. P. CARCILLE 


BASIC MANUFACTURERS 
of analytically L-ISOLEUCINE, GLYCLYGLYCINE 
L-PROLINE, H DROXY- L-PROLINE, L-ARGININE - Hcl 
and other AMINO ACID 
PREMIXED FOR MICROBIOLOGICAL 
ASSAY of AMINO ACIDS 
Send for our catalogue 


M. CHEMICAL COMPANY, LTD. 
Santa Monica, Calif. 


H. 
1651—18th St. 


Are YOU seeking... 
a new position, or new personnel? 


replies received from ONE 
classified ad in SCIENCE... 
Your ad here will get results! 


Send your ad NOW! 


January 25, 1952 
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NOW! Bring your AAAS Directory 
up-to-date with the NEW 
BOOKS + SERVICES + SUPPLIES + EQUIPMENT CENTENARY SUPPLEMENT 
YOUR ad he hes 32,000 f t scientists ; ‘ 
leading, “educational institutions, industrial to the Summarized Proceedings, and a 
end "16 foreign countries—et a very low cost Directory of Members who joined the 
CLASSIFIED: 20¢ per word, minimum charge $5,00. Use of AAAS during its Centennial Year 1948. 
Box Number counts as 10 additional wo Correct : 
payment to SCIENCE must accompany ad. 6x9 inches, clothbound, 392 pages 
DISPLAY: Rates listed charge for Box ves $5.50 
accoun’ 
credit is establis ed. AAAS members prepaid orders . $4.75 
Single insertio 17.50 per inch + anti 
mes in r inc! AA 
26 times in | year _-12.50 per inch roceedings and Direc 
52 times in 1 year _—*'11.00 per inch tory, 1940-1948, plus the new 
For PROOFS on di ads, t reach SCIENCE 4 aise 
| 
PALEOBOTANICAL MICRO SLIDES. Several hundred items 
avi of ney" Auf | order now, from AAAS .--------! 


for instruction and research. Write for lists. 


Darrah. 
, Gettysburg, Pa. x 


1515 Mass. Ave., N.W., Washington 5, D. C. 


For CONSISTENT Rats ... [0 CENTENARY SUPPLEMENT Lj spacial COMBINATION OFFER 


@ BUDD MT. RODENT FARM 


Breeders of a recognized strain of Wistar. PUTY & STATE .... .cccccccccccccccccccsceccecccsecese 


Vv 


| 


during the 101 years of its existence, 
has grown steadily in membership, 
activities, and influence. 


<< 


In the interests of science we invite you to assist its further expansion by nominating for 
membership a friend or colleague who does not now belong to the ranks of the AAAS. 


To: AAAS, 1515 Massachusetts Ave., N.W., Washington 5, D. C. 
M A | L 1 nominate the following person for A.A.A.S. membership: 


N O W ADDRESS 


> 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
> 


20 Scrence, Vol. 115 


7 

_—— | 

a 


the STAR Among research microscopes 
\ 


Now helping to chart new frontiers in all fields of 
scientific research, the Leitz Ortholux is universally 
recognized as the ultimate in research microscopes. 
In addition to outstanding precision and quality, it 
gives you all the features needed for easier, 
less tiring microscopic observation. To make 
the Ortholux even more useful, Leitz now 
offers a combination monocular-binocular tube 
which enables you to photograph the microscope 
image without changing tubes. You change instantly 
from microscopic observation to photomicrography. 


All yours in one outstanding instrument— \ 


Built-in illumination system for 
transmitted or incident light 


Berek double-diaphragm condenser 


Large, square built-in mechanical stage 
with low set drive 


Low set micrometer fine adjustment 
on double ba!l bearings 


Counter-bal d coarse focusing 


Another of the famous Leitz Microscopes. . . recognized 
everywhere as the finest microscopes produced anywhere since 1849. 


For further information write Dept. 104SC. 


E. LEITZ, Inc., 304 Hudson St., New York 13, N. Y. 


LEITZ MICROSCOPES © SCIENTIFIC INSTRUMENTS #*© BINOCULARS 
LEICA CAMERAS AND ACCESSORIES 


| Exclusive combination — 
monocular-binocular tube 
~ 
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THE 0 SPENCER 


SCHOLAR’S MICROSCOPE 


@ The reports keep coming in— 


yes, the AO Scholar’s Microscope Si 
does save time in teaching students ee 
%; 
microscopy. 
HOW THE AO No. 78 SCHOLAR’S 
This radically new idea in micro- 
MICROSCOPE CUTS TEACHING TIME aay 
scopes has proven a boon to science se 
1. Easy to learn to use. teachers. The built-in light source Rs v 
> | 
2. Single focusing control—fast assures permanently aligned one 
illumination and consequently better 
3. Factory-focused built-in light ‘ 
source eliminates time con- optical performance with much “he 
4 suming and frequently faulty less adjustment. Low overall height Sar < 
increases comfort in operation. 
4. Reve r iti 
clearer view of specimen it 
stage, objectives, and costs. ‘Spring-loaded’ focusing wee 
diaphragm openings. mechanism protects slides against eS) 


Since we are currently supplying both military damage. See your AO distributor 
and civilian needs, instrument deliveries 


cannot always be immediate. 


or write Dept. A4. 


TEAC 

GREA 
A 

ERO, 

229 
merican @ Opt 
INSTRUMENT DIVISION BUFFALO 15, NEW YORK 


